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PREFACE 

To an} who ma\ Iks interested enough to open the psgos of thc e O 
volumes I offer sincere apologies for the length of the production 
Longfellow in his “ Wind o\er the Chininc} ” tells us that boohs ore 
"sepulchres of thought,” and if I Ime dug n grave of disconcerting 
depth it is because of the multiplied} of the thoughts 

The basis of this work is formed b} the lectures and climqties 
delivered at the Edinburgh Ro}al Hospital for Sick Children The 
matter of theso deliv cries has been adnptcd to render them suitable 
for publication, illustrations Ime been supplied, and, where nceessarv , 
references to literature Ime been added 

If the work possesses any v irtucs, it ow cs them m no Biuall measure 
to those who have contributed in \ancd wajs to its production — b} 
the excellence of the precept and example, b} suggestions and kindl} 
criticism, b} consulting literature, by supplying illustrations, by 
reading proofs, b} affording permission for reproduction— a \ eritablc 
host of helpers without whose aid this work could never hau. been 
completed My difficult} is to tlnnk the man} friends who have 
helped me, and if in m> acknowledgments I have forgotten an}, 
it is not that I am ungrateful 

M} first and m} deepest debt I owe to Sir Harold Stiles — a pioneer 
in pediatric surger} , as lie has been m so many branches of tho surgical 
art I can say with truth that he taught me the bulk of what I know, 
and of vi hat I have herein bet forth regarding the surger} of childhood 
Words do not suffice to express the weight of m} indebtedness nor 
the depths of my gratitude A number of the photographs with which 
the book is illustrated have come from his collection, and it is vir 
tuall} the weal tli of Jus experience which has given these pages an} 
richness the} possess 

Three of my colleagues havo contributed chapters upon subjects 
m which the} are particularly interested Dr Douglas Guthrie is 
the writer of the chapter dealing with diseases of the ear, and in part 
the chapter on diseases of the nose and throat , Miss Gertrude Hcrzfeld 
contributed the section deahng with congenital club foot , and Mr 
Norman Dott supplied the chapter which describes the surgery of 
transfusion and infusion , he has also given me invaluable assistance 
m the compilation of the section dealing with li}Urocephalus 

Many of m} former residents at the Children’s Hospital hav e given 
me the most lojal and ungrudging assistance I am particularly 
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indebted to Dr. Dodds, Dr. Crowe, Dr. Hera Ross, Dr. Maxwell, Dr* 
Fowley, Dr. Rabkin, Dr. Douglas, Dr. Brodie and Dr. Price. 

My colleagues on the Staff of the Children’s Hospital, medical and 
surgical, have been most generous in their help and co-operation. 
Dr. J. W. L. Spence, radiographer to the Hospital, has taken infinite 
trouble in providing X-ray photographs in illustration of cases ; in 
this connection also I desire to acknowledge the assistance I have 
received from Dr. Edmund Price, who lent me a number of X-ray 
'illustrations from his collection. Miss Malcolm has been good enough 
to contribute the section' dealing with the making of celluloid splints. 
The Hospital had the benefit for several years of the generous volun- 
tary work of this lady and her assistants, and the reader will, I am sure, 
agree that the value of this book has been enhanced by Miss Malcolm’s 
contribution. 

Mr. Smith, technical assistant in the University Department of 
Clinical Surgery, has given me great assistance in the photographic 
part of this work. 

I am exceedingly grateful to Messrs. A. & C. Black, the publishers 
of Tuberculosis of the Bones and Joints in Children, for their courtesy 
in permitting me to use certain illustrations and to adapt portions of 
the text of that book. A similar courtesy has been extended to me 
by the Editors of the Edinburgh Medical Journal and the British 
Journal of Surgery, privileges which I am glad to acknowledge. 

The majority of the line and wash illustrations have been carried 
out for me by one who is my second self — my wife — and she knows 
how grateful I am ; the rest have been drawn by Mr. James Murray. 

The wearisome business of proof reading has been most generously 
undertaken by Dr. Torrance Thomson and Mr. T. M. Millar. Dr. 
Thomson was good enough to correct the original galley proofs ; he 
wielded the blue pencil with a true editorial hand, to the great benefit 
of the work. My secretary, Bliss Rice, has been most helpful in 
numerous ways ; the great burden of the typing and clerical work 
has fallen upon her, and she has left no stone unturned to make her 
share of the task successful. If the book has anj r real value it is due 
in no small measure to the generous assistance of many collaborators, 
and to all of them I tender my thanks. 

32 Mokay Place, 

Edinburgh. 

January , 1920. 
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SURGERY 0I< CHILDHOOD 

PART I 

CHAPI I It I 

GENERAL CONSIDERATIONS 

The Qualifications of the Pediatric Surgeon 
The surgeon who hopes to deal successfully with children must 
possess an insight into the psychology of tho individual child, in 
addition to his special knowledge of pediatrics and Ins capacity to 
observe and discriminate 

Children arc remarkably sensitive to sympathy or the reverao, 
and success at the initial examination depends largely on tho early 
establishment of friendly relations 

The majority of children who are brought to the surgeon for 
examination are in an antagonistic frame of mind Active or passive 
compulsion may have been necessary to secure their attendance, or 
the art of deception has been brought into play, and tho child has 
been beguiled into the consulting-room with all sorts of promises and 
assurances Such being the case, one must be prepared in many 
instances to appear in the guise of an enemy , and it is in convmc 
mg the child of friendship towards him that tho art is required 
may be said from this standpoint that one meets with two 
ypes of children There is the precocious child, who likes to bo 
a en notice of and spoken to, and there is the diffident, shy individual, 
w o 13 instantly alarmed by what he considers unjustified advances 
, * vro types must be approached in entirely different ways With 
e first you may strike up an immediate acquaintance , talk to him, 
question him, and you will charm his interest from tho beginning, but 
o not tease him The second individual will have nothing to do With 
sue a progressive attitude He may emphatically resent any adv ancea 
n i e has quietly summed up your character and formed a judgment 
P ° n 1 i. ^ ea ^ in 8 Wlt h a child of this type it is wiser at first to 
g ore him completely, to continue with whatever work you arc 
fnpniP ' to C , arry on > our conversation with his parents or his 
ho ™ , , sc ntly his diffidence and shyness will subside , possibly 

v ^ ee a Mtle neglected, and now is the opportunity to begin 
8idera/} VanCe3 to secure ^ fnend5h ip These points arc of con 
ar _ „ ’ V^ P ? rt i ance m the SU( ‘ ces3ful examination of children They 
of mwiL d < etailS, ^f t their ne S lect toa y greatly increase the difficulty 
passed the «° n i * t r ? mar ^ s ’ natura Uy, apply to children who have 
. P e nod of babyhood In deabng with babies the problem 
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js less difficult ; the various idiosyncrasies of character have not yet 
become established, and may therefore be ignored. Much of the 
examination of the baby may be completed while the child is asleep. 
The movement of joints and abdominal examination can be advan- 
tageously carried out at this time. The suddenly -awakening baby, 
however, is apt to be alarmed if its eyes first alight upon a stranger ; 
it is therefore better that it should remain in its mother’s arms. Never 
stare persistently at a child ; even young babies resent it, and older 
children become restless and uncomfortable. 

The Expression of Disease in Children, and Features' 

which Modify it 

The early years of life may be divided into two periods — infancy 
and childhood. Infancy is the time elapsing between birth' and the 
complete eruption of the first dentition, an event which should 
take place about the end of the second year. Childhood extends 
from this age to the development of puberty, about the thirteenth 
or fifteenth years. Of the surgical diseases which occur during these 
periods a few are peculiar to this time of life, and are ‘ children’s 
diseases ’ proper ; others, while essentially the same as the affections 
of later years, are variously modified by the conditions which char- 
acterize early age. Let us consider what these modifying features 
are. In the infant, absence of speech deprives the examiner of the 
assistance afforded by the description of subjective symptoms, and 
in older children the case may be little better, since with them words 
are not prompted by sufficient knowledge to be of great service. 

The activity of the growth and development of children has a 
powerful influence upon disease. It is tins which renders children 
liable to be affected by slight causes, and makes disease sudden in 
its onset, short in its course, and intense in its symptoms. This 
influence is especially important in relation to the nervous system ; 
for the activity of this system in healthy children often causes a 
trifling illness to assume an aspect of the greatest gravity, wliile the 
nervous depression which accompanies clironio wasting diseases may 
so obscure symptoms that a dangerous intercurrent affection may 
appear trifling, or may remain altogether Intent. 

But the modifying features of children’s diseases are not ncecs- 
barily detrimental in their influence. Disease in the child is usually 
uncomplicated, and its course and symptoms are unlikely to be 
modified by tissue lesions, which result from previous disease, from 
vicious hnbits, or from mental over-work and nerve strain. Further, 
the confusing element of misstated subjective symptoms is absent, 
while correct diagnosis is facilitated by the case with which physical 
examination of the whole body can be conducted. 

The clinician will do well to remember that the inarticulate expres- 
sion of disease in infants possesses one outstanding advantage — it is 
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honest An infant’s philosophy maj ho summed up m the statement, 
“All that is painful is e\il, while all that is pleasant is good ” 

The Examination of Children 
We have often been impressed and amused by the attitude which 
the student displays when he is first called upon to examine a small 
child A sense of loneliness and helplessness seems to afflict him as 
he realizes that his examination lias to be conducted in an atmosphere 
which may be antagonistic, or at the best passive , while the diagnosis 
has to be made without the assistance which subjective symptoms 
would afford 

An outline of a simple routine method of examination maj there 
fore prove of \alue to the student 

Questioning the Attendants When the patient is under seven 
or eight jean of age the only way of obtaining tho previous history is 
to question the mother or nurse The account must be carefuilj 
elicited, and considered with due reference to the narrator’s intelh 
gencc *It is unwise to discredit entirely any statement without 
Excellent reasons, for manj women, otherwise unreliable, are accurate 
observers when their powers arc guided by affection The value 
of their observation is increased by the fact that they are thoroughly 
acquainted with the child’s habits and disposition, and therefore they 
often detect an abnormahtj wluch the surgeon may overlook 

Information from tho attendants will be obtained on the following 
points — 

(1) The Family Bt story Tho family history, as far back as the 
parents, should be invariably investigated Enquiry is chiefly directed 
to the detection of chrome maladies and transmissible diseases, such 
as tuberculosis and syphilis An enquiry into the occurrence of 
still birth is important 

(2) The Post natal History of the Child This will necessarily in 
elude a number of different items — 

(а) The manner of feeding during infancy, whether at the breast or 

from the bottle, and, if the latter, the composition of the food 
employed, and the method of its preparation, sterilization, 
etc 

(б) The date of commencement and the regularity of dentition 

(c) The general state of health in regard to strength or weakness, 

and liability to illness 

(d) The time of occurrence and the nature of any prominent attack 

of illness, especially of the exanthemata 

( e ) The hygienic surroundings 

(3) Date of onset of Present Illness This is often an easy matter, 
as the introduction of the illness maj have been marked by some 
outstanding feature, such as vomiting , sometimes it is more difficult, 
and, when there is uncertainty, it is better to question back day by 
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day until a time is reached at which the child was perfectly well, and 
to date the onset from this period. Disturbed sleep and irritability 
of temper are often the earliest indications of commencing illness. 

(4) The Mode of Attach , with the Symptoms and subsequent Course 
of the Disease. The questions employed in this interrogation should 
be of a general nature ; leading questions should not be put They 
should touch upon all the systems of the body, and, when a definite 
track of information is started, it must be followed to the end 

(5) Treatment. This stage of the investigation is closed by an 
•enquiry as to the treatment which the child has already received. 

Inspection of the Child. With the trained eye and ear valuable 
information may be obtained by simply looking at a sick child, and 
listening to its cry and speech. The information gained by inspec- 
tion is sometimes spoken of as the features of the disease, and they 
are alluded to under different headings. 

Facial Expression. The face of a healthy sleeping child wears an 
expression of perfect repose ; the eyelids are completely closed, the 
lips slightly parted, and, while a faint sound of regular breathing is 
heard, there is rio perceptible movement of the nostrils. 

When awake and passive, the healthy infant’s face has a look of 
wondering observation of whatever is going on about it. With in- 
creasing age the expression of intelligence increases, and there is the 
familiar bright, happy face of perfect childhood, indicative of careless 
contentment, and yet mobile in response to emotions. The picture is 
altered by the onset of disease, and pain quickly sets its mark upon the 
countenance. 

There are several general surgical diseases (tuberculosis, syphilis, 
and rickets) which are associated with characteristic facial appear- 
ances, and these are alluded to under their respective headings Many 
local surgical diseases have characteristic facial changes which the 
trained eye will detect, and which may weigh in the decision of an 
otherwise doubtful diagnosis. Cerebral abscess, hydrocephalus, 
intussusception, acute general peritonitis — each of them and many 
others possess characteristic facial signs The first care, therefore, in 
examination will be to scrutinize the child’s face, and mentally to 
compare its expression with the picture of health. 

Decubitus. Much valuable information may be gained from ob- 
serving the patient’s posture or decubitus When a child becomes 
muscularly and mentally inactive, it may be taken as an indication 
that the illness or injury from which he suffers is severe. The dis- 
inclination to continue muscular activity should always be interpreted 
as an early sign of ill-health, and this is often expressed by the child 
in a desire to be left undisturbed. A diminution of mental activity 
is the common accompaniment of diminished muscular activity, and 
the child loses interest in its surroundings and playmates, because the 
exertion demanded by the attentive attitude is unpleasant. 

There are certain abnormal positions and gestures which have 
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special significance, and wo may consider the more common and 
simple of theso Sleeping with the head thrown back and the mouth 
open is a frequent accompaniment of enlarged tonsils , the existence 
of colic is shown by repeated extension and retraction of tbe legs, 
clenching of the hands, flexion and extension of the forearms, and a 
writhing movement of tho trunk The lateral position is assumed in 
diseases of the lungs and plcurm , tho dorsal position with flexed 
knees is tho position of election in acuto inflammation of tho peri- 
toneum , it is also assumed in perinephric inflammation, but in this 
condition the thigh on the affected side only is flexed It must not be 
forgotten that in children a full bladder sometimes compels a child to 
assume the dorsal position The sick child lies on its abdomen in 
certain cases of Pott’s disease, in acute inflammatory conditions of the 
back, and in certain non-mflammatory conditions of tho abdomen, 
such as simple colic The characteristic postures of Bpinal canes, of hip 
diseases, and numerous other conditions are referred to later 

The child s gestures are seldom of value from the diagnostic point 
of view, but such obvious movements as the carrying of the hand to 
the head, ear, or mouth, indicate imtation and pain in these various 
situations 

The Sim In the natural order of events an} morbid condition of 
the skin which may exist will non attract attention , there arc man} 
manifestations of this region which are of great surgical significance, 
as, for example, syphilis, tuberculosis, or the petechial evidences 
of a purpuric condition 

The Cry Crying is the chief, if not the only, means which the 
young infant possesses of indicating displeasure, discomfort, or suffer- 
ing Even long after the power of speech has been developed, the cr} 
continues to be the main channel of complaint It must be remem 
bered that hunger may be tho cause of the most incessant, unappeas 
able crying, but such a cause maj be easily excluded by putting the 
child to the breast, or by offering it a properly prepared bottle With 
this exception, pain is the origin of persistent crying 

In many cases the cry has a distinctive feature Tho hjdroceph 
ahe cry, denoting pain in tho head, is a sudden, sharp, loud, and paroxjs 
raal shriek , in retropharyngeal abscess tho crj has a characteristic 
hollow, muffled Bound , in empjema, croup, laryngeal syphilis, and 
many other conditions it has distinctive features, which are capable 
of recognition in the light of careful observation and experience 
Not only is the cry often typical in tone, but much may be learnt 
by noticing tho exact period, m relation to certain functions, at which 
the cry begins Crying associated with micturition may suggest 
phimosis, balanitis, or a meatal ulcer, and an anal fissure may be 
recognized by observing that the child cnes most bitterly dunng and 
after defecation 

There are several other sources of information which should be 
investigated before proceeding to tbe physical examination, though 
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strictly speaking they do not come under the head of inspection of 
the child. There are the changes in the odour of the breath, and 
the character of the faeces, the urine, and of material ejected by 
vomiting. , 

The Breath. The breath of a healthy child is odourless, except 
perhaps immediately after taking nourishment, .when it may for a 
short time have the smell of milk or other food. Any persistent odour 
is abnormal. Morbid conditions which prevent the elimination of 
nitrogenous'elements through the mucous membrane of the intestines, 
or retard the passage of decomposing detritus along the bowel will 
cause an offensive breath, and therefore conditions characterized by 
high temperature, catarrhal inflammation of the gastro-intestinal 
tract, chronic debilitating diseases, and structural lesions of the kidneys 
are associated with this sign. The reason is an obvious one, for the 
system, in order to get rid of the poisonous matter of accumulated 
waste, and to maintain the balance between the constant construction 
and destruction of tissue, must throw off elsewhere what the intestinal 
tract and the kidneys fail to excrete ; so the lungs assume a vicarious 
activity, and the expired air becomes tainted. 

Local causes of foul breath or ‘ halitosis/ as it is called, must not 
be overlooked — decayed teeth, caries of the nasal and maxillary 
bones, ulceration of the mucous membrane of the upper respiratory 
tract, and cancrum oris. 

There is a general condition — a metabolic disturbance — which 
gives the breath a characteristic odour, the sweet apple-like taint of 
acidosis. It is difficult to over-estimate the importance of this obser- 
vation in surgical work, and the subject is elaborated later. 

As regards the character of the faecal evacuations, of the urine, and 
of vomited matter, the possible variations are so wide that they are 
dealt with under the individual headings of various diseases. 


Physical Examination 

The methods of physical examination are identical with those 
employed in adults, but, bearing in mind the importance of acquiring 
information with the least possible amount of disturbance of the child, 
the order is altered somewhat. Features of the examination to which 
the child is likely to object, such as investigation of the throat, mouth 
or bowel, should be deferred to the end. 

The pulse and respiration counts should not be taken at the com- 
mencement of the examination, — the child is m all probability excited 
by the novelty of his position, and it is well to wait until the pre- 
liminary excitement has passed before making these important obser- 
vations. If the temperature is taken in the axilla it is convenient 
to begin with this manoeuvre. 

While in many local surgical conditions a general examination may 
be unnecessary, it is a sound principle to carry out as a routine a 
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rapid general examination m ever} case , Rome Icaturo may bo dis 
cov crcd which has an important bearing upon the local condition 

The order which tho examination follows is a matter of individual 
choice, but it is a reasonable plan to begin with a local examination 
of the. part affected, and afterwards to investigate tho physical condt 
tion of the lungs, heart, abdominal organs, to determine the degree of 
muscular development, to ascertain the character of the pulse and 
respiration, and finally to examine the mouth, throat, and, if need he, 
the bowel 

This volume is concerned with the surgerj of infnnc} and childhood, 
and therefore one is anxious to avoid details which appear to be of 
purely medical interest, but thero are several general observations m 
regard to the physical examination to winch it is important to refer 

The Respiration In children of both sexes the respiration is 
chiefly abdominal in type, and it is not until tho ago of pubertj 
that the movements of tho female child change, becoming superior 
costal Consequently, m estimating tho number of respirations per 
minute it is best to place the fingers lightly on tho cpigastrum The 
count should bo taken by the watch, and the most convenient time is 
while the child is asleep Soon after birth the respirations number 
forty four per minute, between the ages of two months and two } cars 
thirty five, and between two and twelve jears twentj three During 
sleep the frequency is reduced Children under two breatho uneven!} 
and irregular!} in sleep there is greater regulant} , after the becond 
year tho movement becomes stead} and regular 

The Pulse To obtain reliable data, the pulse must bo felt while 
the patient is quiet The best opportunity is during sleep, but, if 
this should be impossible, advantage may be taken of the time when 
the child is nursing at tho breast, feeding from a bottle, or playing 
with a to} If the patient is an infant it is sometimes impossible to 
feel the beat of the radial artery, and it is necessary to ascertain the 
frequency of the pulse by auscultation The child’s pulso differs 
from the adult’B in certain characters — it is more frequent, more 
irregular, more irritable, and necessarily of smaller volume The 
frequency of the pulse vanes with age, and the following table gives 
the average rate — 



4ge 

Pate per 

tntnul 

1 ro 

m birth to second month 

160 to 130 


second to sixth month 

130 , 

120 


sixth to twelfth month 

120 „ 

110 


first >ear to third year 

110 „ 

100 


third jear to fifth jear 

100 „ 

DO 


fifth year to tenth year 

90 , 

80 


- tenth year to twelfth year 

80 „ 

70 


These figures represent the pulse in a waking but passive state , during 
sleep the frequency is less 
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The Temperature. The temperature must be estimated before 
removing the clothing, and a clinical thermometer must always be 
used. The instrument is placed in the rectum or groin of the infant 
or young child, in the axilla or mouth of an older one. 

During the first week of life the temperature fluctuates consider- 
ably ; after that period the ‘ puerile norm ’ — 98-5° to 99° F. — is 
established, but, until the fourth or fifth month the temperature is 
influenced by healthy causes of variation, the fluctuation varying 
between 0*5° and 1*5° F. By the fifth month regular morning and 
evening oscillation begins, and the definite laws of temperature are 
followed. 

The temperature of the young child has two peculiarities which 
are of special importance to the surgeon — a sudden rise bears less 
significance than the corresponding event in an adult, because instabil- 
ity of the heat centre in the child renders it liable to influences which 
would have little or no effect in later life ; on the other hand, babies 
and young children are peculiarly intolerant of a high temperature 
(104-105° F.) persisting over any length of time, and remedies for its 
reduction are early required. 

Surgical operations, and especially operations on the neck, illus- 
trate the instability of the infant’s heat centre. Within a few hours 
after removal of tuberculous glands from the neck the temperature 
may reach 106° F., apparently from a reflex disorganization of the 
heat centre. Non-recognition of this complication may lead to a 
fatal termination. 

General Development. The healthy child under two years of 
age is plump of body and round of limb, with the head and abdomen 
large in proportion to the rest of the frame. As age advances the 
figure gradually assumes the characteristics of adolescence. To be 
robust the newly-born child must have a certain average size and 
weight Subsequently, under normal circumstances, there is a regular 
rate of increase in both these respects At birth the child’s length is 
about 19 inches. Growth is quickest in the first weeks of life ; in 
the first year there is an increase of from 5 to 64 inches ; in the second 
and third from 2£ to 3J inches ; in the fourth about 2 inches ; and 
from the fifth to the sixteenth year the annual growth amounts to 
from 1£ to 2 inches. The average weight at birth is from 6 to 8 lb., 
and the daily increase in weight should range from a quarter to 
three-quarters of an ounce. 

Measurement and weight form important links in the evidence 
of a child’s physical condition, because the fact that either falls short 
of the normal standard infers the existence of some fault in the pro- 
cesses of nutrition. 

The age at which a child sits erect, at which it walks, and at which 
the anterior fontanelle becomes ossified are points closely associated 
with the subject of development and nutrition. 

For some months after birth, if the child is * sat up ’ the head and 
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shoulders fall forwards, the spine from the conical region to the 
sacrum forming a continuous curve com ex backwards Towards the 
end oi tho eighth month the back becomes more erect, and by the 
ninth month tho Bpme assumes an almost perpendicular line An} 
delay m these changes indicates general deluhtj .At tho end of the 
fourteenth month the child should be able to unlk alone, and the 
spine then assumes the S like curse of the health} adult Delft} or 
errors in walking may lie due to s} atomic wenkness, or to locnl disense, 
and the influences of the latter upon gut are discu^cd below 

In an infant, the condition of the fontnncllo should be observed 
The anterior fontanclle should t>o ossified, or complete!} closed, at 
some period between the fifteenth and tv enticth months The closure 



is delayed in rickets, which is pre eminently a disease of malnutrition , 
h}drocephalus has a similar effect, but for a different reason In a 
state of health the opening while still membranous is level with the 
cranial bones, or very slightly depressed Conditions of systemic 
exhaustion cause marked sinking, and tho depression is an indication 
for stimulation , abnormal bulging of tho fontanelle is evidence of 
increased intra cranial tension 

Abdominal Examination The routine of abdominal examina 
tion is similar to that followed in the adult , inspection is followed 
by palpation and percussion As with the adult, it is important that 
the hands of the examiner are comfortably warm 

Inspection reveals disproportion in size or form of the abdomen, 
the state of the integuments, of the superficial veins, and of the 
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Bony processes, such as the medial humeral epicondyle, are 
particularly susceptible to direct violence, while the foot frequently 
suffers from weights being dropped upon it 

Indirect violence The force transmitted to the bone is one 
of bending (Fig 5), leverage, rotation or compression, and the 
bone yields at sites known to be structurally weak Such a 
fracture is the usual fracture of the clavicle, where in trans- 
mitting an abnormal 
force from the arm to the 
trunk the bone snaps at 
its w eakest point In this 
case the force is a com- 
bination of leverage and 
compression More inter- 
esting are the spiral or heli- 
cal fractures which occur 
m the long bones, particu 
larly the humerus and 
tibia, w here rotational 
force can be de\ eloped by 
the forearm or the foot 
Helical (or Spiral) 
Fractures can alw'ays be 
recognised by certain 
peculiar characteristics 
In the radiographs two 
components can alw ay s 
be seen, first a long almost 
i ertical component, which, 
if there has been no 
displacement, may 
remain in close approxi- 
mation, and second, a 
highly sinuous component, shorter, and more transverse, uniting 
the ends of the vertical fissure The first represents the hinge 
on which the second S shaped portion opens out if the rotation has 
continued As a consequence the wavy portion always shows a 
greater width of fracture line (Figs 3 255) If the surface of the 
bone on which each component lies can be identified, and this 
requires at least two radiographs the direction of rotation can be 
determined Thus m Fig 3 the vertical component lies behind, and 
the direction of rotation of the lower fragment is to the right, or 
of the upper fragment to the left 

Fractures from indirect violence are rarely compound, and then 



Fig 5 A transverse fracture due to bending 
strain on close examination alwajs shows 
small oblique cracks running from the 
fracture line towards the surface of com 
pression 



Fig C Occasional]} the mam line of fracture 
follows one of these finer lines producing the 
half oblique half transv erse fracture of Fig 4 

4 



Fig 7 Less common!} the fracture runs along 
the fissures on either side of the point of 
compression and separates a chip of bone 
This chip alwajs has its base on the side 
of compression and so when present can 
be used to determine the direction of the 
bending strain (See Figs 554 ) 



I K ACTUM, S IN OIALKAL 
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ns n rule imlmrfh rrt Tlmv i<* tiMialh n gross displacement of the 
hones, nnd dating to* oft part*, from continuation of the force or the 
falling of the bodx 

Muscular xfolcncc I rarfitre* from mmeulnr confrnc turn clinrnc- 
terMicallx nffr d two fit* *, the olf'iranon and the patella They nrc 
due to tin jrc iih ir ]H>»ifion of llu « hours tope the r with the strength 
of tlic nunoh" incit'd into them, whteh nmx exert n sudden 

immenM f nt 

ee in tlu effort to throw n hall or to regain balance 
\cr\ ran lx n long bom snaps from placing excessue xoluntnry 
strain on it, t g , the humcram in a wornnn wringing out clothes , or 
ft rib in n nuk bout of coughing 

Bone fatigue " Mnreli fracture " of the metatarsals has long 
been rtcogmvd ns due to repented minor tmunm which max 
stimulate nml produce* n fracture, or result in proliferate e pcnositjti? 
lo strengthen the xioik nn 1 without a fracture becoming xisiblc 
Tlio condition 1ms now Ikkii recognised ns affecting other sites, 
notnhh the inch of the femur and the upper third of the tibia 
(I ig r >t2) It is charm tcristicallx seen m the adolescent subjected 
to undue exertion oxer n long period, and affects sites liable to 
peculmrMrammniamtainingthebodj, weight The condition appears 
to he related to the similar phenomenon of fatigue m metals, the 
inorganic su list ante of the hone slowly altering m a crystalline 
configuration until a complete cleaxagc plane appears (See 


Varieties of Tracturc 

fractures may 1 m* classified in a number of ways, nil interlocking 
"ifh each other They may he dixided up according to the 
mechanisms prcxiously described, or 

1 According to whether the finetuic communicates xuth the 
outside nir 

Simple, or “ closed ” 

Compound or “ open Indirect 

- According to the degree of fracture 

Complete J rmpoote,! 

Uniinpacteu 

Incomplete / Green,t,ck 

Infraction 

3 Acooidtng to the line of fracture \ 

Oblique 
Spiral (helical) 

Transx erse 
Comminuted 


G 


COMPUTE OUTJI2CE OF FRACTURES 


Simple 1B4CTUKE is the term applied to any complete or 
incomplete uncomplicated fracture 

Complete fracture The line of fracture runs across the bone 
drudmg it into two or more entire)} separate portions (Figs 1-4) 
Is complete TRACrtTRE The line of fracture does not run 
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Fic b The method of production of a 
greeastich fracture Compare with the 
previous figures showing the results of 
a bending strain acting an adult banc 
In a gree/iatich fracture the bane Great s 
on the side of the midlme undergoing 
traction The bone on the side of the 
compression remains intact 



entirely through the bone so 
that part is intact and senes 
as a support tor the fractured 
ends (Fig 9 ) 

GrelVSTICK FRACTURE 
Tins is a classical variet} of 
incomplete fracture m the 
} oung Owing to the mechan- 
ical forces de4 eloped inside a 
bent hollow rod, a compression 
strain is de\ eloped on the 
inside of the bend, and a 
tension strain in the outei half 



Fie O \ greenstick fracture 


of the bone Bone which show s 
the same phj sical qualities as 
cast iron is most resistant to 
compression and least resistant 


to tension Fracture of the outer half of the bone therefore occurs 


lea\mg the inner half of the bone intact As the continuity of the 
bone is not lost, function may remain good, and the fracture nuj not 



Fic. 10 An in 

fraction fracture Fig 11 An impaction 

of the lower end fracture of the upper 

of the radius end of the humerus 

Compare with Compare «ith hg 

Fits 3*7 -»> 

be noticed tilt a tump of callus appears on the bone This is f ro 
nuentlj seen m grecnstick fractures of the clavicle in children 

In a few cases the hone mar be bent ivitim.it an_v fracture bcm t 


IRACIUKKS IX GKNLHAI, 


\isiblo in tlic radiograph The fractures nro then small scattered 
lesions through tlie bone 'Ihe coiKlitinn is treated similnrlv to 
fracture but immobilisation need not be *•« prolongtd In gricnstick 
fracture tlie doforoiit\ is often marked, and during reduction the 
bone is not infrequent h broken Tins is not ntuavs due to n further 
fracture of the bone, but due to impaction of tlie bone on the inner 
side simulating incomplete fracture 

Induction l lUCTtml s (" Ilnmhno fracture s ”) 'l his is another 
varictv of incomplete fracture occurring in 3 omig bones As a result 
of compression violence the re is a small expansion of the bone at the 
junction of the cancellous end of the bone ami the compact bone of 
the shaft 'Jins results in n slight irregti!nrif\ resembling the ridge 
on a bamboo stem bring Fte n in the X rn> 'J Ins appearance nmv 
be seen in both the Interal and antero- 
posterior view s of the bone, but is frequent 1 } 
seen m one mcw emh , the other Mew show- 
ing a more marked deformity U lie lesion 
is most common!} seen m the lower end of 
the radius in children, occurring a little nbo\ c 
tho site of Collcs’s fracture m the adult 
(Figs 10, 347 ) 

Impact! d nucTUiu-s Following the 
break in the hone the continuation of the 
force jams the broken ends into one another, 
and the resultant interlocking of bon) spicules 
gi\es the bone a moderate degreo of rigid it) , 
winch ma) allow a considerable degree of A comminuted 

*' ° fracture Tno com 

function It is chnractcnsticall) seen m munition*? nro multiple 

fractures of the upper end of the humerus, £ uo 
, , ii i i t , Fig 7 illustrates tlie 

where tlie cancellous head is driven over tlie tjpo of comminution 
compact bone of the Immoral shaft Impac- duo . to » nd,roct (bend 
tion is important in aiding fixation and 
indicates, ns a rule, that little displacement lias occurred 

Comminuted practuiifs Where the hone is broken into moie 
than two fragments the term comminuted is applied Where there 
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COMPLETE OUTLINE OP FRACTURES 


Simple fracture is the term applied to any complete or 
incomplete uncomplicated fracture 

Complete fracture The line of fracture runs across the hone 
dividing it into 1 m o or more entirely separate portions (Figs 1-4 ) 
Incomplete fracture The hne of fracture docs not run 
entirely through the bone so 
that part is intact and sen ts 
as a support for the fractured 
ends (Fig 9 > 

Greeystick fracture 
This is a classical v ariety of 
incomplete fracture m the 
j oung On mg to the mechan- 
ical forces developed inside a 
bent hollow rod, a compression 
strain is developed on the 
inside of the bend, and a 
tension strain in the outei half 
of the bone Bone which fellows 
the same phy weal qualities as 
cast iron is most resistant to 
compression and least resistant 
to tension Fracture of the outer half of the bone therefore occurs 
lea\ mg the inner half of the bone intact As the continuity of the 
bone is not lost, function may remain good, and the fracture may not 



s 8 The method of production of a 
green* tick fracture Compare with the 
previous figuns showing the results of 
a bending ftratn acting on adult bone 
In a greens tick fracture the hone breaks 
on the side of the nudltne undergoing 
traction The bone on the side of the 
compression remains intact 




Flo 9 A green tick frai-ture 



Fig 10 An m. 
fraction fracture 
of the. lower end 
of the radius 
Compare with 
Fig 347 



Fio 11 An impaction 
fracture of the upper 
end of the humecut 
Compare with Fig 
’51 


be noticed till a lump of callus appeirs on flic bone Tin*, is fre 
quently seen m greenstieh fractures of the Claude in duldren 

In a fen cases the bone may be bent without any fracture being 


llUrrURES IN’ GENERAL 


ft 

likch m tl>c flirt ct Icmoii tlmn in (hr indirect, though (he withdrawn! 
of the spicule through the shin inn} (Iran dirt in with it Indirect 
compound fractures of (his tj pc nre nhnost- rxclusitclj met with m 
the leg, associated with Rjnri] fracture of the tibm As the spicule 
of bone im\ hau withdrawn liefort the cast is *ccn the importance 
of n careful examination of (he ‘•Km for puncture wounds needs 
emphasis It is nNo to lie home m mind that nil wounds o\cr 
fractures do not necessarily communicate with them, nnd in the 
repair of such wounds e\cr\ efFort should he mndc to preserve nn 
undnmngcd wall of tissue he tween the fracture nnd the wound 

REFERENCES 

General 

The follow me p neral text hooks nro n\niInh!o for consultation, nnd Jmo 
been frech uses! The American t< vt books treat tho subject in o complcto 
manner the remnimnp boo) s mcotnph tclv ~ 

SrErn, Kruxie ‘ J meturcs ’ C V Mosb\ London, Hcnr\ Kimpton, 
4th H<! , 1042 (Contains further reference lists ) 

Scudder CL * Tho Treatment of Fractures ” XV B Saunders A. Co, 
PiuIndeJpInn nnd London, Jlth I d , 1938 
Mattj H 14 Die Knochenbrucho nnd ihro Bchnndlung " Julius Springer, 
Benin 1 £>3 1 (Contains many foreign references, mostly German) 

Key nnd Conwtu. * Tlio Mniingcment of Fractures, Dislocations nnd 
Sprains C \ Mosb\ London Henry Kimpton, 4th Ed , 1942 
Batson Jones “brneturos nnd other Bono nnd Joint Injuries” Edin 
burpJi E A. S Livingstone 4th Fd 1940 
Boiftrn, L M Tcclinik dtr Knochcnbruchbelmndlung ” Vienna,, B ilhclm 
Mnudnch 5th Fd , 1037 (1 nlnrged edition m two volumes Most of 

tho important points nro found in tho English translation of tho 4th 
edition, edited liv L XV Hen Groves Bristol John Wright A Sons, 
1030 ) 

Pathological Fractures 

JoiX C A “ Afetnstatic Tumours of Bone,” Brit J Stirg , 1923-24, 11,38 
Watson Jones * Fractures’ E AS Livingstone 1949 
Gescuicteii and Copeland 4 Tumours of Bono’ 3r l Ed , New York 1949 
Watson Jones * Pathological Irncturcs of tho Nock of tho Femur,” 
Brit J S urg 1936 23, 7 9Q 

Direct Injury 

Keith and Hale ‘ Gunshot Injuries of the Long Bones ” Brtt J A urg , 
1919 7 149 (Describes tho mode of injury by missiles) 



8 


COMPLETE OUTLINE OF FRACTURES 


Epiphyseal separations These occur on the metaphyseal 
side of the epiphyseal line They are usually fracture separations, 
a small portion of metaphysis being broken off with the epiphysis 
This fragment is important in reduction, as by catching on the meta- 
physis it may prevent over correction There is no bony crepitus 
palpable m a pure epiphyseal separation as the abrasion of the 
surfaces is softened by the cartilage (Fig 13 ) 

Crepitus may however be obtained from the small piece of meta- 
phy'sis which is fractured, and so the sign is unreliable Provided 
the epiphy sis is cleanly fractured on the metaphy seal side, and the 
epiphyseal plate remains intact no interference with growth need be 
anticipated if the separation is reasonably well reduced If the 
epiphyseal plate is fractured there is a likelihood of interference with 
growth This is due to the occurrence of premature synostosis 
oetween epiphysis and diaphy sis at the site of damage to the epiphy - 
seal plate Growth continues in the undamaged portion of the 
epiphyseal plate with resultant distortion (Figs 563, 5G5 ) 



Fia 13 Separation of me lower epiphj sir. oft the radius showing the small 
wedge of metaphysis which is fractured and remain.? attached to it in 
this ca^o displaced dorsallv 


Ligament traction fractures (Sprain fractures) Ligaments 
as d rule yield at their bony insertion rather than tear When this 
occurs a small flake of bone is removed with the ligament, and this 
can be seen in the X ray This lesion is frequently seen in the region 
of the ankle Its importance depends on the degree of subluxation 
of the joint such a separation has allow ed, and this must be estimated 
clinically and radiological^ The treatment of the lesser isolated 
lesion is that of a sev ere sprain (Figs 502, 618 ) 

Compound fractures (Open fractures) When the fracture 
communicates with the outside air it is said to be compound or 
open The importance lies in the enormously increased risks of 
infection of the bone The fracture may be compound from rupture 
of the skin covering the bone, or of a mucous surface such as the 
mouth, bladder or nose Where the force producing the injury has 
resulted in. breaking the skin over the bone the fracture is directly 
compound, but where the displacement after the injury has resulted 
xn a sharp" spicule of bone being tlmen through the skin it is said 
to be indirectly compound The importance of this observation is 
that the convevance of infection from outside inwards is much more 
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fi utims in\ol\ nig joint** fiagimnt** of artiiular tnrtilngi and bgn- 
inputs arc added 1 b< Wood n innan** Hind in Hit centre of this mass 
for some hours, clotting iimiaIK nhmit the c nd of the first da\ Trtsh 
handling of tlu limb products fresh h'vmorrhage and an increase in 
size of the Imnatonia mass Hit coninum conception of the pen 
ostcuin forming a limiting numhrane to Mich a mass of jumbled 
tissues is quite erromous <>t»I\ in children is the periosteum of an\ 



I ia l(i Section of tho proliferated periosteal tissue of ft four daj old 
fracture 

. A, Cellular proliferation of the pcriosti um 

II Cartilaginous differentiation of tho cells blood \essels present 
C Parly formation of bone around \asctilar spaces i 

TliOBection shows a full range of differentiated cells between fibroblasts 
and bone 

hickness and strength In the adult it is a friable membrane, w Inch 
lsually remains attached to the bone, and tears along the margins of 
he fissures The wall of the fracture hcematoma is thus formed 
llmost entirety of soft tissues 

Organisation of the hematoma Aseptic inflammatory changes 
commence at once in the tissues around the fracture and 
organisation of the clot commences at the junction of the clot and 



CHAPTER II 

THE REPAIR OF FRACTURES 


Some knowledge of the process of repair in bone is essential to 
the satisfactory treatment of fractures The primary stimulus to the 
formation of bone is still a quarrelling ground for the erudite, and no 
attempt can be made here to give more than an account of the 
observed facts and their relation to treatment It is to be noted 
though the processes in a healing fracture hav e been separated for 
discussion, they may all be taking place m different parts of the same 
healing tissues at the same time (Fig 23 ) 



Flo 14 Hematoma 
around the fracture 
A Compact bone of the 
shaft 

B Hremorrhage escap 
ing into muscles 
through torn 
periosteum 
C Perio teum 
I) Hzematoma under 
stripped up perio 
steum 

Medulla rj cavity 



B Remaining unorgan 
i ed ha matamti 

t Organiscdgranulation 

tl'SUP 


Hematoma Immediately following a fnctuie that is an out 
pouring of blood into the tissue spaces around the bom ends from 
the marrow tissues the torn periosteum, and the damage d muscles 
The amount of blood will vary depending on the amount of periostea] 
tearing, the comminution and displacement of the bone ends, the 
laceration of the surrounding tissues and the size of the blood \ cssels 
tom and the resistance offered by the tissues If displacement 
occurs, a cav ity containing lacerated muscle, fragments of bone, bone 
matTow , and fascia will be found around and between the ends of the , T 
bones Occasionally even tendons and neivcs will be included Jn 
w 



im: itM’Aiit m inwi'ins 


is 


niul n^uim* the ch*imcUn«tic* of osteoblasts Further ostioblnMfl 
dew lop around Ohms centres, nnd tlio older cells then deposit lime 
Mlts among the* colligeii fibrils forming callus f Jhw change first 
become « mm!»1p III the nnple IhUWcii the c It \ ate el periosteum and 
the shaft of the hone, where there is n good blood supply from the 
first, and this proeos spreads itself through the granulation tissue 
down to the fracture site At this Mage we hn\e the first nppcnrnnce 
of changes M^ihlc in the X rn\, usually some where about the tenth 
eh\ \h carl\ cillns h not \en radio opnepio, the time of its 
appearance on a film will he much n fleeted by the quality of the 
radiograph and the densit \ e>f e>\ (.rising tissues 

Tilt Kcoud process commences op]Kisitc the hone ends, and here 
exrt un fibroblasts grow to resemble cartilage cells f l he number of 
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these cells w Inch appears acorns to depend on the amount of mov ement 
at the fracture wte, and is minimal w ith absolute fixation of the bones 
As it is some abnormality in the production of these cells w Inch leads 
to false joint formation tins is an important point 

Organisation of callus Callus has appeared in the angle between 
the periosteum and the shaft on the sixth clay , and becomes obv ious 
to the X raj on the tenth daj , but it requires twenty five dajs before 
it is firm Two processes are occurring m tins callus New bone is 
being differentiated from the young osteoblasts and the cartilage 
ce/fs, and at the same time the ends of the fractured bones, w Inch are 
at first coated with a layer of dead cells, are being remodelled 
This appears to occur from resorption of the lime in the exoplasm 
of the osteoblasts which become larger and then cell walls Jess 
definite Se\ eral of these cells lying in contact with one anotlier 
will thus appear to be m a bony lacuna, and, owing to the poor 



COMPLETE OUTLINE OP FRACTURES 


living tissues From the second to the thirteenth day the hemor- 
rhagic mass becomes encapsulated with a fibrous tissue later pro- 
duced b} the activity of fibroblasts appearing from the capillary 
networks invading the hscmatoma Tins progresses la} er on lajer 
till the whole mass i<? vasculansed and replaced by granulation 
tissue The outer layers of fibrous tissue commence to differentiate 
into fibrocartihge and hj alme cartilage first The fragments of dead 
bone are absorbed m ranous ways and soft tissues interposed are 
also absorbed as a rule, without the progress of union being affected 
This fibrous tissue framework often extends into the muscles 
around the fracture which hue beei! bruised, and so the} may be 


involved m the further procc*»s 



formation of callu 
V Callu* commencing 
to form m the 
angle between the 
bone anil the 
periosteum 

U Granulation tissue 
organised m the 
meduDarj cavity 
(, &ubf>trio«teel granu 
lation tissue 


iepair With the organisation, of 



A Mono appearing in 
the angle between 
the periosteum and 
the shaft v here it 
is first visible as a 
fluffv shadow in the 
\rav 

& Organised callus 


the callus this tends to retrogress but v persistent fibrosis may 
remain with consequent adhesion o t the muscle to the periosteum, 
and loss of contractility This is seen frequently m the quadriceps 

Organisation of the granulation tissue lor reasons variously 
attributed to the presence of excessive f'lliium m the region, to the 
mechanical stresses of the rtgion and to inherent properties in the 
cells of the periosteum, the granulation tissue commences to difforen 
tiate itself m the direction of bone Two processes become obv lows 

First certain fibroblasts hy down collagen fibrils m their exoplasm. 



tiij: repair or fractures 


site If tlic bone is meeting nt n slight nnglc a compression strain 
will occur on the inner n«jK*ct of flic nnglc and n tension stmiri on 
the outer aspect Compact hone will he laid clow n most raptdlj and 
solidly in the nren under compression 1 Ins important fact is the 
clue to the success of weight hearing in producing union m fractures 
of the lower limb 

Ourn long period of time the hone will «lowl\ he restored to 
normal sire, and the prominence of the callus decreased If the 
bone is inn] muted the further growth of the bono will tend to 
restore it to the normal In \oung people this power of adaptation 
is \crj great, hut it dtmimdits rapidly with the cessation of growth 
The development of hone nt the fracture Hite occurs in accordance 
with the demands of function, nnd so is greatly aided bj the 
activity of the muscles and joints m relation to the fracture For 
some tunc after a fracture the hone at the fracture site remains 
mere ised m density and thickness nnd slightly tender 


The Formation of Bone 

Without going into the experimental c\‘ idcncc wc can say that 
the following factors influence the formation 
of hone It is uncertain which is the primary 
stimulus, hut it is possible that there is an 
interaction of seacral factors 

I The quantity and activity of the 
hbroblnsts The cause of their differentia- 
tion into osteoblasts is unknown 



B Slight thickening 
or the ehaft mds 
catea tho into of 
the old fracture 
the bone on tho 
inside of tho curvo 
being slight)} 
thicker than that 
on the outride 



Im 2i Section of a healing fractiue — 

A 'Outer fibroin nheatli continuotH with 
periosteum 

11 Calcification Kprrading among organ 
lied fibrous tissue 
< Organising haunatoma 
I) Subperiosteal calcification and non 
Ixjno formation 


2 The presence of some inorganic calcium and phosphorus, 
posiibH the factor stimulating the fibroblasts 

3 Tiie presence of a good blood supply to the pait 
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definition of their cell walls will appear as multi nucleated masses, 
to which the name of “ osteoclast ” has been given These groups 
of cells are merely osteoblasts in an anabolic phase piejnr itory 
to undergoing a katabolic phase «m conformity w ith the demands 
of their new situation Should a smill piece of bone become 
a\ ascular, this process cannot occur from internal cellular change* 
and must occur very slowly from outside cellular activity 

Organisation of bone Callus first becomes converted into bone 


at the point where it is first laid down Fme trabecular bone is 
laid down which slow 1} ex- 


tends throughout the or- 
ganising callus, which, once 
it has firmly joined the bone 
ends, commences to shrink 
in size As time progresses 
this bone organises itself mto 
compact and cancellous bone, 
the so called intermediate 
callus between the bone end* 
becoming organised mto com 
pact bone, continuous with 
the compact bone of the shaft 
This reorganisation of the bone 
takes place with definite re- 
gard to the stress and strain 
passing through the fracture 



3-jr 20 Tho fracture 
firmlj united b\ new 
bone 


A Internal 
mediate ca1!u< 


Ji Inter 
C External 


caliu’ V ResoMmt <«*r 
j>al eafliH L See Ife 21 



Flo i\ tmvn in a tranf'crsc fracture 
of the lemur showing the tetcreaoecl 
strength of < aiiui depo ttfcd on tha 
side of the ft a i tore under eompn-a'' ton 
strain 


thi; repair oi' j r actor rs 
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<iro treatment of the fracture will t lien fun delay ilic development 
of rigidity, though tin** mn\ lx? offset by tlie closer interlocking of 
the fracture 

Radiological changes ’J he import nice of the^e changes ns u 
guide to tlie union of fr icttircs 1ms perhaps been o\ cr estimated As 
n guide to the t\j»e mid degree of non union radiographs are of 
inestimable \nlue, but m the early stages, nnil often until the t>one 
is fit chmcalh for weight licaring, the density of the shadow cast by 
the fine lamellar bone in the callus is slight and is obscured by the 
shadow of the soft tissues Chmcalh firm union may be present 
before there is radiological confirmation, and it is important to 
remember that if the fracture site is rigid, p unless on attempted 
bending at the line of fracture, and not tender to the touch, no 
ach antage is obtained from further debit At all stages in the healing 
process all radio opaque material at the fracture site is bone, and 
tins is commonly seen first at the tenth day at the point where the 
bone, the attached jienosteum, and the elected periosteum meet 
Die necessity for removing all splinting ami plaster when making a 
radiological nttempt to estimate union should not need emphasis, 
but is often neglected 

Avascular bone necrosis 

J lie improvement ot radiological nppaiatus and technique 
h«is brought to light an mteiestmg series of changes which 
occui in a fragment of bone deprived of its blood supply )lone 
may be rendered avascular m vauous ways A fragment, as m 
Fig 24, may be thrown off from the cortex into the Inmiatoma 
surrounding a fracture, and so lie depmed of its blood supply 
It does not necessarily follow that the fragment will die Fine 
fragments may survive m the tissue fluids and m larger frag- 
ments the superficial cells survive The hone can however no longei 
take part m its usual metabolism and its density must lemain 
constant for a considerable time With the increased blood supply 
ancl fibroblastic activity in the vicinity of the fracture, and the 
enforced rest of the limb, decalcification occurs m the vicinity of the 
fracture in which the isolated fragment cannot partake It theicfore 
appears, by virtue of retaining its normal density, much denser than 
the surrounding parts Such a fragment will be slowly absorbed and 
replaced by liv mg bone in the manner of a bone graft 

Larger portions of bone mav be depmed of their blood supply if 
tins is dependent on a few vessels susceptible to pressure or division 
Thus m fractures of the navicular the mam blood supply enters 
across a transverse line to which the axis of the bone lies obliquely 
The proximal half of the bone is at ticulai and the blood supply' limited, 
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4 The quality of the blood It must contain adequate calcium, 
phosphorus and vitamins 

It is to be noted, however, that the blood calcium, phosphorus, 
and phosphatase are not significant!} altered dunng healing 

The amount of mov ement at the fracture site This modifies 
the differentiation of fibroblasts m an unknown manner resulting in 
increased production, of cartilage, and combined with other factors 
m false joint formation 

Certain of these factors are under our control We can assure 
that the patient has an adequate diet, and that the mov ement at 
the fracture site is restricted The presence of fibroblasts and 
adequate calcium and phosphorus at the fracture site is a normal 
occurrence m a health} indi\ idual Onl} the blood suppl} is liable 
to variation Normall} this is assured b} the active granulation 
tissue, but if an mflammatorj process occurs m the v icimtv of the 
fracture the blood suppl} maj be excessively increased This will 
result in a decalcification of the regionand dela} in the union, which 
will take longer to consolidate 

If the fracture site becomes infected still furthci v ascular disturb 
ance occurs, w ith increased destruction 
of tissues, and healing is further delaj ed 
The sequence of tissue changes 
described is constant for all fractures 
but vanes in rate in different parts of 
the fracture The exact time of the 
v artous changes v anes w ith — 

1 Individual bones 

2 Age of the patient 

3 Tv pe of fracture (oblique or 
tramv erse) 

4 Site of fracture (shaft or end of 
bone) 

3 Amount of displacement of the 
fnetured ends 

6 Volume of interposed fragments 
and injured tissue 

7 General constitutional condi- 
tions w itaminosi-> undernourishment 
chrome nephritis and other illnesses 

The strength of union m the earl} 
dvjs will depend on the area of callus 
tim ‘surrounding **» bone ends, imparting 

a\ ascular belerotic frag ngiditv to the fracture Reduction m 
m«*nt in<'orpnrfttP‘l m t p ^j JC M7C a f f} lt Jj-^matoiua b\ opera 




in 


Tin: bepaw ok rHAmmrs 

<lio flinch bathing it it mhorlw cnluiim mid jdiosjilionit "Inch 
crjstMUso m lit mlcn-tircs nml grrath increase itadcnait) relative 
to all bono normal or dcenli died A Hiniilar rrnctmii is seen in 



F 10 20 Diagrammatic representation of a section at tho junction botw< en 
living bone and a bone graft Tbo bone graft lies below A section 
of a healing fracture M similar jf tbo liono graft is replaced by aotuo 
bone 

A, Living bone as shown bj tho presence of nuclei m the bony lacum 
13, Subperiosteal proliferation of osteoblasts forming new bone 
(Fig 15) 

C Dead bone on tbo surface, as indicated by tho empty lacuna’ under 
going absorption 

D Now cancellous bone uniting the graft to its bed 

E, New bone formed by some sunning colls in the periosteum of the 

graft 

F, Dead bone of tho graft showing tlio empty lacuna 

G, New bone in the medullary cavity 

loose bony fragments in joints The density achieved is un- 
^ nustakable It indicates that the fragment is voting as a foreign 
body and that anj ifctempt at obtaining union is a waste ot time 
Where the bone forms part of a joint, ns in the ease of the im leidnr, 
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fractuies therefore tying proximal to this hue (Fig 38C) raa} cut 
the proximal pole off fiom its blood supply and it undergoes av aseu 



lar necrosis Following im- 
mobilisation of the wrist the 
proximal pole first appears to 
be increased in density This 
is apparent from about the 
third week on, becoming 
gradually more marked as 
the decalcification m the 
vicinity progresses With 
the passage of time and if 
kept at rest the fragment is 
im aded w ith capillaries, ab 
sorbed, and rebuilt bj a 
creeping replacement Its 
density thus slow]} returns 
to that of the surrounding 
bones On the commence- 
ment of exercise it partakes 
in the general increase in 
density of the bones of the 
hmb, but its surface will not 
be found so clean or welt 
defined as the rest of the 
bones The length of time 
taken for this process a aries 
from six to eighteen months 
The jepJaced bone Jacks the 
finer modelling of the original 
bone and its cartilage cov ered 
surfaces are defectia e 
Though the bone has osten- 
sibh recovered it has taken 
the first backward step m 
i series of retrograde changes 
which lead ultimateh to a 


Fi<* 2 j A putter graft for an unumted fra<* 
tore of the humerus which has not taken 
and undergone sclerosis haring fad<sl to 
provoke union in spite of modiratt t alius 
reaction Tile graft is too long and holding 
the hones apart It would hav e bf f n letter 
to dispense with tho wires for retaining it 


degenerative arthritis 

Should the avascular 
fragment not be imrno 
bihsed the revasculansa 
tion of the bone is prerented 


bj recurrent damage to the c ipill ir\ loops, and the bon> fragment 
conics to ho like a foieign bod} in a fibrous tissue sheath From 
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elm unci of gnniilntion tissue Should the callus provoked he 
successful m bridging the gnp the gmft nm\ he successful in spite 
of its ffliluro to “ take ” 
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it may bo tolerated for a time, but ev entually leads to a degenerative 
arthritis It is therefore best excised 

The blood supply of small bones is -variable, and it is not 
always possible to forecast the occurrence of avascular necrosis 
from the line of fracture Crushing and impaction of cancellous 
surfaces, with subsequent thrombosis, may play a part, while the 
temporary disturbance of the whole blood supply to a limb may pre- 
cipitate a case by causing a thrombosis Movements or unsuitable 
splintage may damage or pull on ligaments canning the remaining 
channels of supply All these maj therefore influence the occurrence 
of necrosis and make its occurrence unpredictable Certain bones 
from the delicacy of their blood supply are particularly susceptible 
to the condition, and must be watched for such changes by serial 
radiographs at monthly interv als These bones are — 

l tab J after torture or allocation g 

3 Tlie head of the femur, after fracture or dislocation (p 405) 

4 The talus following dislocations or fricture disloc itiona 

(p 575, Fig 623) 4 

The importance of avascular neorosis is threefold — 

(а) It delays and may prevent union entirely 

(б) When union has occurred a considerably longer period must 
elapse before use of a limb is permitted if the new bone is not to be 
crushed or eroded at once 

(c) The replaced bone, if partaking in a joint, and this is usually 
the case, is degenerate and eventually after a longer or shorter period 
leads to a degenerativ e arthritis 

Bone grafts 

Similar radiological changes may be seen m bone grafts, and 
v ary only m degree from the successful to the unsuccessful graft 
In the successful graft the bone cells survive on the surface and 
rapidly unite with new bone from the soft tissues nearby to bed 
the graft firmly The rest of the graft <jvhich appears denser than 
the surrounding bone is slowly replaced by creeping replacement and 
gradually assumes a densitv similar to the surrounding bones With 
compact bone the replacement of the graft is slow , and attention has 
therefore been directed to the use of cancellous bone in the hope 
that it will rev ascularise more rapidly In certain cases in which 
the compact graft is not needed to maintain length or stability its 
use has been v cry successful 

In unsuccessful hone grafts the graft rapidly assumes the charae 
tenstics of a foreign body' becoming markedly increased in density 
and lying separated from the new bone formed m the vicinity by a 
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retention of a fracture It mint be combated nt once bv delation 
nnd fixation of the part, and later maj be dispersed b\ manage 
and efllcurnge Accompany ing swelling nnd bruising fracture 
blisters are often Fe<n lliov nrc serous effusion*, often blood- 
stained, between the dermis and epidermis 'J he more superficial 
the bone, nnd the larger the In mntoinft, the more likclv these blisters 
are to occur Thov take twelve to twenty four horns to appear, but 
if the fkm is supported 1»\ an unpadded plaster rlo not appear, 
though if this plaster is split thev will appear along the line of 
cleavage 

boss or rrNCTlOV is a classical, but variable, sign Impacted 
or green stick fractures inn} show little loss of function A patient 
inav walk on nil abduction fracture of the neck of the funur, nnd 
it is an unfortunate commonplace that fractures of the spine arc 
not recognised till the patient has walked for a few elavs thus 
compressing the fractured vertebra, and producing deformity 

Dfformiti Hus is another variable feature It mnj be gross 
or onl} eletcctablc !>} careful measurement In compound fractures 
the wound mnj be considered ns part of the deformity , anti m it the 
fractured bone ends mft} be seen Prcv ions deformities from disease 
or accident must be considered 

Abnormal mobility In order to eletcct this one mav have to 
inflict considerable pain, nnd on this ground alone it is often better 
neglected In order to detect it one must hnv c a know ledge of the 
normal degree of movement of joints, and one must where possible 
compare it with the intact limb, to allow for individual variations 
Mobility may be excessive at a joint, or m out direction at a joint, 
or it may be detected at a point where there is no joint This latter 
sign is certain evidence of fracture The ntaier the lesion is to a 
joint the moro the abnormal mobility will be camouflaged bj the 
normal joint mov emeilts, and the more difficult it is to determine 

A less emphasised point is the loss of mobility at certain joints 
such as the hip and shoulder after fracture in the v lcmity This is 
noted in impacted frictures where function is not entnety lost, .and 
is due to several factors, the spasm of surrounding muscles from the 
pain, the irregularity of joint surfaces acting mechanical!} to prev ent 
movement, and distension of the joint capsule from blood and 
synovial fluid 

Loss of transmitted MOVEMENT fiom one part of a bone to 
another is tertam evidence of fracture It is commonty elicited m 
fractures of the humerus, when the head may not rotate under the 
deltoid on rotating the elbow Similarly the head of the radius 
may not turn under the thumb when the shaft of the radius is 
fractured 
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With the exception of spontaneous and fatigue fractures, a 
history of injury is dhrvj s obtained, though in cases such as fracture 
of the neck of the femur, produced by a stumble, the injur) may be 
\ery slight In cases of fatigue fracture such as “ march ” fracture 
of a metatarsal there may be no history of injury , merely one of pain 
over a period of time 

Pain is a prominent feature of all fractures unless the patient has 
some neurological lesion such as tabes, producing anaesthesia, or is 
hopelessly drunk A sufficiency of alcohol may be quite efficient 
as an an esthetic for fracture reduction 

The elicitation of pam may be important in examination 
Compressing the thorax antero posteriorly may produce pain over 
the site of a fractured rib, and similarly the pressure backwards on 
both anterior superior iliac spines may give localised pam m fractures 
of the pelvis (Figs 218 and 449 ) 

The localisation of the pain is alw ays important, and in many 
casts is thi main distinguishing feature between one fracture and 
the next The general tenderness w Inch is the usual accompaniment 
of the pain is of little value unless it can be localised In the more 
superficial bones this localisation is of great value in diagnosing 
the site of the fracture, but it must be remembered that a 
subperiosteal luematoma is very tender, and may in certain cases 
cause legitimate confusion requiring an X ray to distinguish it 
In finding the point of maximum tenderness it is best to get the 
patient to localise it w ith one finger first, and then to follow that up 
with a careful one finger examination of the part 

Svvelunq The degree of swelling varies with a number of 
factors The site of fracture, the dependency of the part, the 
activity of the circulation, the amount of displacement, and the 
treatment, all influence it It is particularly marked in elbow 
fractures where the tissues seem to leave space for a large effusion 
of blood, and in the femur where there is often gross displacement 
It is less marked in fractures of the wrist and low er leg In these latter 
situations, however, it assumes a greater importance, as, owing to 
the subcutaneous situation of the bones w hich occupy a great part 
of any transverse section of the limb at these levels, there is little room 
for expansion if the limb is placed in a complete plaster, and serious 
pressure may be produced The av oidance of sw ellrng is important 
as it interferes w ith the diagnosis, reduction, and more particularly 
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retention of a fracture It must be combated nt once hy elevation 
and fixation of tlie part, and later mnj be clispcrort In massage 
and effleurnge Accompanj mg swelling and bruising fracture 
blisters arc often seen Thev arc serous effusions, often blood- 
stained, between the dermis and epidermis 'i he more superficial 
the bone, and the larger the ha matoma, the more hktlv these blisters 
are to occur Thev take twelve to twenty four hours to appear, but 
if the skin is supported bv an unpnddcd plaster do not appear, 
though if this plaster is split thev will appear along the line of 
cleavage 

Loss OF rrsCTlON is a classical, hut variable, sign Impacted 
or green stick fractures maj show little loss of function A patient 
inaj walk on nil abduction fracture of the luck of the femur, and 
it is an unfortunate commonplace that fractures of the spine are 
not recognised till the patient has walked for a few da vs thus 
compressing the fractured vertebra, and producing deformity 

Defokmity This is another variable feature It ma) be gross 
or onty detectable hy careful measurement In compound fractures 
the wound maj be considered ns part of the deformity , and in it the 
fractured bone ends mav be seen Prev ions deformities from disease 
or accident must be considered 

Abnormal mobility In order to detect this olio mav have to 
inflict considerable pain, and on this ground alone it is often better 
neglected In order to detect it one must have a knowledge of the 
normal degree of movement of joints, and one must where possible 
compare it with the intact limb, to allow for individual variations 
Mobility maj be excessive at a joint, or in one direction at a joint, 
or it ma) be detected at a point where there is no joint This latter 
sign is certain evidence of fracture The nearer the lesion is to a 
joint the more the abnormal mobility will be camouflaged hy the 
normal joint movements, and the more difficult it is to determine 

A less emphasised point is the loss of mobility at certain joints 
such as the hip and shoulder after fracture m the v lcimty This is 
noted m impacted fractures where function is not entirety lost, and 
is due to several factors, the spasm of surrounding muscles from the 
pain, the irregularity of joint surfaces acting meclianicalty to prevent 
movement, and distension of the joint capsule from blood and 
synovial fluid 

Loss of transmitted movement from one part of a bone to 
another is bertaxn evidence of fracture It is commonly elicited m 
fractures of the humerus, when the head maj not rotate under the 
deltoid on rotating the elbow Similar!) the head of the radius 
may not turn under the thumb when the shaft of the radius is 
fractured 
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Crepitus This is not such a useful sign as it sounds The issue 
ma) be confused by other forms of crepitus, such as capsular crepitus, 
tenosjnoMtis, or that due to arthritis Where the fracture involves 
cartilaginous surfaces it Mill not be felt, and the separation of a 
epiphysis Mill produce a soft crepitus from the friction of bone on 
cartilage Unle°s there is some need for the information the 
elicitation of crepitus is to be aioided on account of the pam it 
produces 

The Examination of the Patient 

This m ill include not onl) an evaluation of the points mentioned, 
but a careful examination of the u hole of the bod) to exclude other 
lesions carried out m the folIoMing order 

1 History Of the present accident 

Of past accidents or deformities 

2 Inspection Comparison u ith the normal limb 

3 Palpation' Comparison of bon) points, etc 

4 'Mensuration Comparison of length or girth of the limb, 
and tlio use of special lines such as Nelatons 

5 General examination 

(n) For injuries to other parts of the lunb 

(b) For injuries eheu here m the body 

(c) To exclude associated disease 

6 Special examination X raj 

{a) Flam 

(6) Radiograph) under strain (Ruptures of ligaments ) 

(c) Tomograph) (Fractures of the spine ) 

It is quite passible to treat a fracture of the skull in an uncon 
scions patient and o\ erlook a fracture of the spine v ith no deformit) 
One has seen a fracture of the shaft of the femur on ono side duly 
recognised while an impacted pertrochanteric fracture of the other 
side was missed It is ala a) s adv isuble to examine the other jomt<» 
and bones concerned in the transmission of the fracturing fora to 
the trunk Thus a Colks’s fracture ma) be treated m a shng and 
the fact o\ erlooked that at the same time an impacted fracture of 
the upper end of the humerus u as present, u ith resultant permanent 
stiffness of the shoulder The after treatment of a Collos’s fracture 
should in any case avoid tlns^but all patients do not )ct gtt 
adequate after treatment 

Radiography 

The necessity to X ray the patient u ill lmx c been decided 
In the preA ions examination, on ono of the follow mg grounds 
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1 To establish nccurntc diagnosis of position and type in nti 
undoubted fracture 

2 To establish the diagnosis in a doubtful fracture 

3 To produce cudciiro of absence of bom damage m medico- 
legal cases 

4 At the request of the patient or another doctor 

X rays product the only detailed and nccurntc evidence of the 
lesion and art* imaluablc for reduction No patient should be 
depmed of an Xray, becaust the condition can be diagnosed 
without it, if further treatment is contemplated Without the 
assistance of a radiograph the doctor cannot be said to be exercising 
reasonable care in the handling of tho ease because lie is not putting 
himself in possession of all the available facts, a prerequisite of 
u reasonable care " Certain fractures, such ns that of the clavicle, 
requiro no X raj , or the pm ate patient maj be spared the oxpense, 
but the matter should bo put to linn, and if tho accident is 
anything but domestic an X-ray should bo taken for medico legal 
purposes 

In the treatment of a fracture tho following X-iays will be 
accessary 

1 Films before reduction 

2 Films after reduction, and after any iurtliei attempts if the 
hrst is not satisfactory 

3 Films during retention 

If by continuous traction As often ns is necessary 
Change of weight, position, or suspension demand it at least 
once weekly 

If by fixation At the end of. i week or earlier if there 
is likely to be displacement 

Ev cry time the plaster or retaining apparatus is changed 

4 At the end of treatment 

Certain a ariations of this w ill bo found possible m mmor fractures, 
but in a fracture such as the femur all the above-mentioned films 
will be necessary' for efficient treatment 

X-rays must fulfil certain conditions to bo of full value m the 
assistance they offer Unless the conditions set out below are 
adhered to the X ray may .be more confusing than helping The 
films must be accurately aligned antero posterior and lateral views, 
and in certain fractures must be supplemented by r oblique views 
Unless the films are accurately taken in these directions it will be 
difficult to estimate the displacement in many cases A film m one 
direction only may completely overlook displacement in another 
direction, and a second film at right angles to it is an absolute 
necessity, often for diagnosis, and always for correct orientation 
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An oblique fracture without displacement may only show on one 
film as there will he no ch mges in bony density to record in an X-ray 
passing through it at right angles to the fracture line In certain 
fractures it may he necessary to gue the patient a local or general 
•urcsthetic to place the limb in a suitable position for both X-rays, 
but though this is irksome it is a far more satisfactory way of 
soh mg difficulties than by taking stereoscopic X-ray s 

The film must be of a suitable density and clarity to show the 
bony trabecula or else a fine fracture w ill be o\ erlookcd In order 
to check accurately the position of fractures of long bones the film 
must be of sufficient size to include the nearest joint, and it is often 
desirable to have a film including the joints at both ends of the bone 
No X rajs should be taken before reduction without first removing 
strapping or metal splints as they may obscure important points 
After reduction it may not always be possible to get the retentive 
apparatus out of the way but this should be attempted wherever 
possible The translucency of plaster to X-rays is one of its great 
ad\ mtages 


Missed Fractures and Errors of Interpretation 

Fractures. an most commonly missed because on clinical evamma 
tion it is thought uunecc&sary to X raj the part Such an error is 
common!} seen m fractures 
of the spme where 70 per cent 
of caves are not diagnosed at 
the first examination In this 
particular case the taking of an 
u curate history ot the fall is 
all important as it will raise 
suspicion, which will demand a 
confirmatory X ray 

The difficulties which mty 
occur with X-rays have been 
mentioned above, oblique frac- 
tures only show mg in one film 
or fractures of one bone being 
overlain by the shadow of a not In r bone, and such like Fine frac- 
tures in. the small bones ma\ only be detected by a hand lens 
This may be noted m the < trp d nayicuktr On the first examination 
the bone is regarded as normal but three w eeks later on account of 
pam a further X-ray is taken This mav show some rarefaction in the v* 
bone along a definite fracture line In such cases a careful ( \anima- 
tion of the first film will show i fine cruk which ins bn n oyer 



Ftc 27 Well de\ eloped oh tri_<mutu 
showing the feature-, n lu< h <hstm 
guish it from a recent fro it ure 
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looked (Fig .J f > J) It must mu r b< forgot tr n Hint tlio finding of om 
fracture docs not preclude the prtspitct of a second, nnd the whole 
of the film must be carefully «-t«irthtd 

The following max Ik mt*- taken for txutit fractures 

1 The ]KmM<nrp of i frtcfim line from an old fracture of the 
skull 

2 The foninum of nutixnt awK, often prominent in the 
inctac irjnk 

1 Sesamoid bones fv c 
Figs. IfiS, hlu 

4 Accessory boms Sit 
Figs 27, 100, r i n 

5 Old collapse fractures 
of the xertebne 

0 Old ununittd finc- 
turcs, such as that of the 
ulmr styloid or naxieulnr 

7 Small fragments of 
bone in the nc ighbourliood 
of osteo arthritic joints 

8 Last traces of the 
epiphyseal lines, and im 
united secondary centres 
persisting (Figs 501, G53) 

Careful lnstoiy and ex- 
amination of the films will 
exclude such lesions Old 
fracture b and scsunoid hones and accessory Uoues. v.iU felvoxs n, 
rounded off margin, and a Inyei of coiulensed bone across the 
supposedly fractured surface In it cent fiactiues the fiacture lint 
is irregular, often soft oi binned m canrellous bone, or sharp and 
clear m compact bone 

Note The inspection dining tho last two years of all tlio X rays taken 
m the Casualty Department and tlio neat by I ractuio Clinic at tho West 
London Hospital has enabled mo to nnatyso tho common orrors in diagnosis 
among casualty officers They may bo gtuupul as follows 

1 Ignorance Tiacturo &cc-n significance riot recognised 

2 Over anxiety IYactuio diagnosed vvhon iiuno present 

3 Failure to assess cluneal signs and X iaj case 

4 Failure to see fracture u\ films 

5 Fracture diagnosed on accoimt of presence of old ummitul 

fracture or other pathology 30 

6 Failure to take adequato X rays 15 

7 Administratis e errors, patients departing w ithout X ray s, etc 5 


Per cent 
10 
5 
20 
15 



V io JS Old unumtod frm tun. of tlio ulnar 
Ktyloid show mg well tho thin layer of 
compact bono over tho fractured sue 
fate* ami tho nmoothness of the sur 
faces distinguidiing it from any recent 
fractuio A mahimted Colics s fracture 
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Supplementary Radiographs 

The use of certain additional films may be of assistance m coming 
to a definite opinion in doubtful cases These are summarised below 

1 The oblique Mew The value of this in supplementing the 
usual antero-posterior and lateral view s has been emphasised for the 
navicular It is useful in other situations, either to show up a 
doubtful fissure by getting the central ray of the tube to coincide 
with the fracture, or by providing a new ■view point to clear up a 
doubtful fracture {eg , a fracture of an articular process in the 
spine) 

2 Repeated films after the passage of a short time This takes 
advantage of secondary changes in the fracture line, which may 
make it more distinct 

3 Radiographs of the opposite side where epiphyseal hnes are 
suspect, or in unusual factures 

4 Radiographs under strain Occasionally of value where there 
is doubt of the firmness of union of long bones or the repair of liga- 
ments The bone may show bending or displacement under strain 

5 Radiographs in the position of deformity This is chiefly of 
value in detecting the rupture of ligaments in the \ lcinity of joints, 
but may be useful m determining the presence of diastasis, or the 
severity of a sprain fracture 

6 Arthrography Has little place in the treatment of fractures, 
but may be of value in the diagnosis of difficult lesions of the knee 
or ankle 

7 Tomography This js of little value in superficial bones, but 
may be helpful m doubtful fractures of the spine 
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GENERAL PRINCIPLES 0I« TREATMENT 

With succeeding 3 cars tlic principles of treatment of fractures 
June altered \crj little Reduction, retention and reeducation 
lime remained the three It’s of the traumatic surgeon, but at different 
periods a different weight 1ms lioen attached to the importance of 
each phase Reduction has always been regarded ns neeessan 
cvccpt m certain fractures, and some old treatises on the subject 
contain much elaborate apparatus for the purpose, some crudely 
anticipating the apparatus non ti^td Retention and re education, 
however, June had a see saw existence through surgical lustorj 
instead of balancing one another In the 3 ears before Chnmpon 
mere, the insistence on absolute fixation of the limb resulted m 
mail} stiff joints, a complication from winch we are not entirety 
free todaj Champonnicre substituted carl} movements and 
massage for this, and improved the results, so that till recent]} the 
remov al of splints and massage w as an essential part of the treatment 
The importance of carl} and complete fixation in obtaining firm 
union has not been lost sight of, and it has been the struggle to 
unite the advantages of both methods, which has resulted in modern 
developments While the battle of thcorj' has had its usual ups 
and downs that of technique has shown a stead} advance, and open 
operation and internal fixation, or skeletal traction with or without 
plaster, has enabled a better balance between retention and re- 
education to be struck and maintained To this lias been added 
the more accurate reduction and control of retention made possible 
by X-raj b 

We may summarise the principles of treatment thus 
Reduction Immediate and accuritc 
Retein tion Continuous and absolute 

Re education Active, early, and persistent 
We can now proceed to a fuller discussion of the principles which 
underlie reduction This should not be carried out till shock has 
subsided and adequate retentive apparatus is at hand Beforo this 
is possible there is a period in which the patient is m unskilled 
hands and further damage is liable to occur The aim of first-aid 
treatment is to prev ent this bj the use of w hatev er is available to 
* prevent movement and soiling of the injured limb, and combat the 
occurrence of shock The importance of tins emergency treatment 
was shown during the Great War, when the application of the 
v -a 
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Thomas splint on the field to injuries of the leg reduced the mortality 
for such injuries from 80 to 15 per cent The combating of shock 
falls more to the province of the doctor, and of primary importance 
is the relief of pam Morphia is unsurpassed for this purpose m 
relieving the local pam, and the general psychological disturbance 
Most effective m combating local pain is the injection of local 
anaesthetic into the fracture site Tins is often a preliminary treat- 
ment and w ill he described m detail later on, but its effect on shock is 
startlingly satisfactory in many ca^es Heat externally by a cradle 
or the use of hot-water bottles, and a hot drink of coffee, are other 
sound measures The restoration of blood loss by transfusion is 
also important Shock and its treatment are discussed more fully 
m Chapter V 


Reduction 

The forces producing or maintaining displacement -which, may 
have to be overcome are 

J Gravity This produces angulation as a rule 

2 The injury itself, if impacted or greenstick 

3 The force producing the injury 

4 The activ ities of assistants aiding the injured man 

5 Muscle spasm, producing shortening and angulation 

We vv ill not discuss grav ity further except to say that its effects 
must be constantly v\ atched for To av oid ite effect in fractures of 
the leg Watson Jones has designed an ingenious extension apparatus 
for use with the leg dependant In the more usual methods the 
tension needed to ov ereome shortening also overcomes sagging 

Disimpaction of the fracture is an essential to complete reposition 
of the fragments, and must be made before reduction is attempted 
In certain cases, such as fracture of the upper end of the humerus, 
it may be unwise to disxmpact 

The most important force to be overcome m correcting the 
displacement is muscle spasm This may be overcome m various 
nays 

1 Slow traction w ithoufc an anaesthetic 

2 A general anesthetic 

3 A local anaesthetic The spasm being reflex it is partly 
abolished by the relief of pam, but some muscle tone will remain 
particularly in the lower limb It is usually sufficiently abolished 
for traction to be successful if maintained long enough, * e , two to 
three minutes The length of time necessary for traction is over- 

estimated mmost bools 

4 The relaxation of the muscles by positioning the Juno Flexion 
of the knee relaxes the gastrocnemius and enables shortening of the 
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leg to Ik j mill <1 out at the muiic time the muscles are slightly 
increased m hulk, nnd it i* difficult to apply a plaster with a tight- 
fitting upper tin! Ior the first plaster in which weight hearing is 
not ns a rule deMrtd, tins is unimportant 

*5 Cm ut* W lit ix reduction has to he* nthitud and maintained 
In traction our \ long jicnod, rij, in certain eases of fractured 
femur, the «sc of curare (Ui of l) luho curarme*, repeated), has 
occasional!! hot it found he Ipful 

In order to phot traction on an} limb arrangements must be 
made for counter traction In general tho*< consist of placing a 
ding around the hods or hmb he mg pulled upon, and attaching this 
to n nook in the* wall, m> tint it will e\ert a pull in the opposite 
direction In other cists the hods urns he used as a fixed point 
against winch the limb nuts be extended, such as the extension of a 
femur against i jierine al b ir on the orthopedic table In certain 
cases of skeletal traction aceuritc control mnj only be obtainable 
by the use of a second pin or Kirschner wire foi counter traction 
Y\ here continuous traction is used the body is used for counter- 
traction, by delating the bed 

III reduction one has to correct 

1 Shortening Uj traction 

2 Angulstion B\ the direction oi tiaction and manipulation 

3 Latfiul pisflac* mfnt Tract ion by increasing the tension 
iti the tissues exerts some lateral pressure, but manipulation is most 
important 

4 Rotation By correcting the position of the limb 
Immediate reduction 1ms the following advantages 

1 It reduces the size of the lucnuitoma 

2 It limits anti reduces reactionary swelling 

3 It removes pressure fioin soft parts, particularly blood vessels 
and skm 

4 It rehev cs the patient of pain 

5 It can usually be more easily accomplished as tlie bony points 
are not obscured by' swelling, and the tissues arc laxer 

Delayed reduction may be necessary for the follow mg reasons 

1 The presence of shock 

2 The necessity for the treatment of associated injuries first 

3 The presence of infection 

4 The absence of retentive apparatus 

5 Because the method of retention combines slow leduction of 
the fracture by traction 

There are only four methods of reduction to choose from, each 
suitable to individual cases, ami they may be combined to meet 
various difficulties 9 
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Manipulation * 

Wedging the plaster 
Continuous traction 
Operative methods 

The choice of method and its application to individual fractures r 
the theme of the special section of this book 

Retention 

The demands made on retentive appaiatus are as follows 

1 That it should produce absolute fixation 

2 That it should limit movement of the undamaged structuiei 
to a minimal degiee 

3 That it should allow the examination ot wounds by vision 
and of the bones bj X rajs 

4 That it should be adaptable to v auous lesions, and, if possible 
to various sites 

These demands are best fulfilled bj plaster of Pans, which i: 
being used m increasing amounts in modern methods Certair 
fractures require other splintage to control them, and the mosl 
important point in determining this is the tjpe of fracture, whethei 
it is oblique, transverse, or comminuted 

Helical or spiral fractures Here the deforming force has been a 
rotatory one The displacement in a lateral direction is minimal 
On the other hand there is nothing to counteract the pull of muscles 
tending to shorten the limb, and this must be ov ercome bj continuous 
traction or fixed distraction There is also some risk of angulation 
even in the case of fracture of the tibia with the fibula intact The 
shape of tlie fractured surfaces in a helical fracture often render per- 
fect reduction bj ordinary means impossible, if there is anj displace- 
ment Perfect reduction and retention are easilj accomplished bj one 
or two screw s w hich combine the insertion of a foreign body of minimal 
size with the attainment of sufficient stability for early exercises 

Oblique and half oblique — transverse fractures These two tjpes 
of fracture have already been shown (Fig 6) to be variants of the 
transverse fracture due to bending violence The third variant is 
the “ butterflj ” fracture in which a single triangular comminuted 
fragment is produced All three types show a tendency to shorten 
ing and angulation Thej are readily , but not perfectly, reduced 
bj traction and manipulation, and retained bj traction oi distrac 
tion All three lend themselves to fixation with a single or double 
screw or plating 

Comminuted fractures These suffer the disadvantage mentioned 
above together with the further disability that lateral movements 
can occiif as there aie no interlocking fixed points to prey ent it 
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Treatment bj traction liirnt be supplemented b} some form of 
literal support, from n splint or from plaster of Pans If operative 
treatment is contemplated, n plate, longer than tlic length of the 
comminuted fragments, must be emp1o\ed 

Transverse fractures If the ends ran be maintained opposite one 
another, or reduced eo that tbe\ ( ngage, tbt re is no fear of shortening 
Angulation and rotation 011I3 n « ( l ^ feared, and these arc best 
controlled bj plaster In the thigh the muscle bulk makes lateral 
control difficult, and extension must be used to supplement it The 
average transverse fracture is best treated bj manipulation and 
plaster, though some, such ns the femur, mnv require operative 
fixation 

Retention will also depend on the limb involved, whether uppei 
or lower In the arm shortening is ummportnnt, but angulation is 
important In the leg shortening and angulation are both \cr> 
important Oblique fractures of the leg cannot be allowed to bear 
xv eight earlj ow mg to the Tisk of defonmtx due to the bodx w eight A 
transv erse fracture can be allow cd to bear w eight earlier as shortening 
cannot occur, and lateral control is easier to maintain Oblique 
fractures tend to unite more rapidly than transverse fractures, and 
fractures near the ends of the bones sooner than fractures in the mid- 
shaft, which influences the time it is necessary to maintain retention 

Traction Emphasis must be laid on the fact that the prim ar y 
purpose of traction is reduction, and not retention It is now 
recognised that skeletal traction has increased the number of 
unumted fractures This statement indicates that the great forces 
available when treftig skeletal traction have been misapplied, and 
used for retention or over reduction Correctly used, skeletal 
traction is the greatest single blessing prov ided bj the beneficence 
of “ modern technique ” It is appropriate here to outline the 
relative merits of skin and skeletal traction 

Dl-SADV ANTAGES Ol SKI>. TRACTION 

1 It gi\ cs slow 1\ and bo requires repeated renewals 

2 It is painful 

$ It produces a crop of skin pustules on certain skins 

4 It covers a large area of skin and so prevents inspection and cannot bo 
applied over abrasions 

*» It is inaccurate) in alignment and cannot bo used to control rotatorj 
displacements 

f» It will onlj stand n limited weight In children in whom tbo skm area 
relative to tbo weight is larger this inaj be unimportant (Seo Brvants 
method, p 487 ) 

r AdvAJiTAGLS OF SKtLtTAI TRACTION 

1 It is accurate and non slipping 

2 It is painless 

It leaves the skm fiet foi inspection, 01 the application of plaster 
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4 It will take great weights 

5 Rotatorj' deformities can be corrected bj it 

6 Its incorporation in the plaster may aid m retention 

DISADVANTAGES OF SKI LETAL TJtACTIO?. 

1 Iho entr\ and exit wounds of the wire jnaj become infected leading to 
osteomjehtis In practice this is rare if care is taken to see that the wire 
does not rotate m its bed and the skin around the puncture wounds is supported 
bj light pressure to prerent movement and soiling 

2 The method allows long continued traction through joints to be 
made, with disastrous results to the joint, whose ligaments are stretched, 
and relaxation ts followed bj an effusion and subsequent stiffness Traction 
should nei tr be made through joints for longer than two to three weeks, and 
nc\er with great weight 

3 0\ er reduction and non union arc the results of misuse 

4 It cannot bo used in young children, ow mg to tho risks of perforating the 
growing ends of bones, and the fact that the wire cuts out of the soft bone 

Re-education 

This is perhaps the most important feature of modern methods 
The reduction and retention of a Colles’s fracture m an old woman 
may be perfect, but unless she is instructed to move her fingers and 
shoulder, and care is taken to see that she does it, she may develop 
permanent stiffness of the hand and shoulder as a result The same 
applies to fractures elsewhere The exercise of the patient and Ins 
co operation in such exercises is extremely important, and with 
experience it xs quite possible to forecast the duration of a patient’s 
stay in a fracture clinic from his mental make up An active and 
interested patient who is not afraid of a little discomfort and 
” prepared to trj anj thing once” lull recover the functional use of 
the limb m almost h ilf the time it takes a m rvous, melancholy and 
apprehf nsiv e patient The engendering of interest, the encourage 
mtnt of the patient, and the devt lopment of an attitude of confidence 
is the dutv of the doctor One of the best methods of achiev mg this 
is the spirit of competition aroused bj competitive exercises with 
other patients w ith the s im< lesion The association of a fracture 
clinic with a cheerful gjmnasium in which tht patient can exercise 
and be exercised is an essential tor good results 

Exercises can be discussed under the general exercises posable 
to recumbent and ambulatory patients, and the special * xtrcises 
designed to fit in with the methods of immobilisation of special 
fractures In a v ard ihnovt all patients can be. put through general 
exercises together, special attention then being giv cn to the injured 
hmb In a forearm plaster the fingers must be carefully exercised, 
care being taken that thtj are not prevented bj the plaster from 
going through thur full range of movements The importance of 
the patients using the muscles of the injured hmb and not the fingers 
of the opposite hmb to do this < in In. brought home hy 



nnxERAL principles or trbatmbnt .r» 

suggesting that “it is to hup t lit iirculatum going Ik math the, 
piaster ” Exercises to the elbow and the shoulder are deliberately 
given 

Walking is the l>est extreme in a leg plaster, but the patient is 
told to move his toes ns much ns he can, and is gi\ ell exe ruses to the 
knee and hip In plaster jackets general exercises can be done 
In order to encourage the patient to keep moving, any form of 
indoor sport may be encouraged Billiards, darts, ping-pong and 
the punching ball nre all valuable adjuncts to more deliberate drill 
Some suitable exercises for various plasters will be found in the 
Appendix of the book 


Rehabilitation 

It has become clear ill recent years that an academic interest in 
re education alone is not sufiicicnt in an industrialised contimuuty to 
give the maximum return of useful Inbour in the minimum time 
following accidents The vast majority of accidents arc industrial, 
or affect the industrial machine indirectly In a nation on a war 
footing it has become still more important that every available man- 
hour of labour should be used, and the problems of rehabilitation 
have therefore been studied more intently' and under better statis- 
tical conditions in the last few years The problem is a threefold 
one — 

1 Physical medicine, the scientific application of measures to 
restore physical fitness , 

2 Psychological, the problem of obtaining the patient’s co- 
operation and stimulating the desire to return to normal life , 

3 Sociological, (a) as it affects the patient relief from personal 
financial worries during treatment and a guarantee of employment 
on recov ery r , (6) as it affects the community financing and organis- 
ing a rehabilitation centre for the area 

Rehabilitation in a hospital in its w idest sense embraces ov cry 
activ lty and relationship of the patient w lule undergoing treatment 
The stimulating atmosphere of the ward, the relief of the patient’s 
mental anxieties, the quality and regularity of his meals, and the 
occupations of Ins spare time are as much the concern of the Reliabi 
litation Officer, and the patient’s ovvn doctor, as the efficiency of the 
massage staff, the quality of his ward sisters, the provision of 
adequate exercise space, and the mental dnv e of the phy sical training 
instructor All must be co ordmated into a harmonious whole, in 
which the confidence of the patient is echoed in the confidence of 
those around him and his instinctive desire to recover is fostered 
and encouraged by all means 

Rehabilitation outside the iiosiital is often left to the 
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Almoner, but is as muck the concern of the Surgeon as his Ward 
Round The atmosphere to w hi eh the patient returns on discharge 
from in-patient treatment, or m which he has to spend his time 
during out patient treatment, may be quite inimical to his morale, 
and undo any good done fry a short attendance at the hospital 
w aitmg to have something “ done ” It is the conviction that he must 
do something for himself, that in fact jt is almost entirely what he 
does himself, and not what is done for him, which is important, 
that must be dmen home 

The complexity of the problem and the complete absorption of 
the patient’s time, interest and energy which good rehabilitation 
demands, makes the combination of acute traumatic surgery and 
rehabilitation in the one ward difficult High spirits and energy 
should not be restrained by a seriously ill case Rehabilitation 
commences in the acute ward, but graduates to a stage when the 
atmosphere of the ward is unsatisfactory for both the bed patient 
and the ambulant Further, the routine of the ward conflicts with 
the routine of rehabilitation exercises and for these reasons it is 
desirable to separate them If they cannot be sent to a specially 
equipped centre they can be segregated in another part of the 
hospital to which they can graduate as they recover The most 
satisfactory results are achieved by a country rehabilitation centre 

The problems of the centre not only include those of staffing, 
space, feeding and therapy , but the problem of the patient himself 
It is still the conviction of many that they go to hospital to be made 
well, and not to make themselves well The attainment of the 
patient’s confident belief that the methods recommended are for his 
own benefit is of the utmost importance Nothing can be done to 
rehabilitate a man without his co operation, and to encourage and 
develop this is the first care of the staff 

Rehabilit vtion ik the wards We concern ourselves here 
particularly w ith the patients w hose confinement to bed limits their 
range of activities As soon as is appropriate they are sent to the 
Rehabilitation Centre, as the first big step in their recovery The 
ward morale is dependent on everyone, doctors, sisters, nurses and 
patients alike, but its tone is set from the top The tidy ward, the 
regular routine, the firm convictions of the staff, are breathed in 
from the moment of the patient’s arrival No more responsive 
wards are to be found in a hospital than those of a Fracture Unit, 
where the mental tone of the patient is in the vast majority of 
patients unimpaired 

Physical therapy m the wards fall into two compartments — 

(a) Special exercises, eg , to fingers and toes, shoulder and knee 
of a limb immobilised by treatment 



GENERAL PRINCIPLES OF TREATMENT 


37 


{!,) General exercises to the remainder of the body free of 
restraint, which can be undertaken by the ward ns a whole, or in 
convenient groups, eg , upper limb injuries, lower limb injuries 

In the first group there is considerable scope for in\cnti\o 
imagination m the design of retentiv c apparatus which allows the 
maximum freedom, and the inx cntion of exercises to take full nd\ nn- 
tage of this A special orderly of suitable personality should bo 
trained m these exercises and spend most of his timo in the ward 
instructing and encouraging patients The patient should bo 
reminded by a two hourly bell that they are expected to devote the 
next ten minutes to their exercises The more general class exercises 
may be carried out twice a day 

Occupational therapy In many cases this may begin m the ward 
Its three aspects are discussed more fully under therapy at the 
Rehabilitation Centre 

Recreational therapy This is important in the ward whero 
interests arc restricted and can bo introduced in many ways The 
occupational therapist may bo able to devote some time to patients 
not specifically requiring her attention Adequate library facilities, 
the organisation of educational groups, cinema shows m the wards 
and other entertainments are of great value More important than 
entertainment gi\ en is entertainment made by the nlen themscU es 
Discussion groups, small concert performances, or the production 
of a ward column in the hospital news sheet, may help Not to he 
forgotten ore the various routine jobs of the ward suitable for 
untrained workers, and which, being actually' of use, may be more 
stimulating to the right person than many' cleverly contrived but 
useless amusements 

Rehabilitation in tiie special centre The Centre may' bo 
provided by the hospital gymnasium with some ancillary rooms, but 
is preferably a small separate institution of around ICO beds Here 
all the modem methods of physical rc dev elopment are av ailablo 
Patients may be living in the centre, or attend daily, but the 
importance of a fully occupied day' at the centre must be stressed 
The patient must do a full time course If only trained for a few 
hours a day his return to his ordinary way of life for the rest of the 
twenty four hours may effectively undo any mental or physical 
benefit achieved 

The distribution of the men’s time at such a centre is important 
and needs considerable clerical assistance Each man should bo 
given a weekly time table of the classes to be attended and Ins lm- 
* provement and graduation from class to class should be recorded 
The following departments of the centre should be fully harmonised 
I Physiotherapy This w useful in starting off patients with stiff 
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Almoner, but is as mucli the concern of the Surgeon as his Ward 
Round The atmosphere to which the patient returns on discharge 
from in-patient treatment, or m which he has to spend his time 
during out-patient treatment, may be quite mimical to his morale, 
and undo any good done by a short attendance at the hospital 
waiting to ha\ e something “ done ” It is the conviction that he must 
do something for himself, that m fact jt is almost entirely what he 
does himself, and not what is done for him, which is important, 
that must be driven home 

The complexity of the problem and the complete absorption of 
the patient’s time, interest and energy which good rehabilitation 
demands, makes the combination of acute traumatic suiger} and 
rehabilitation in the one ward difficult High spirits and energy 
should not be restrained b} a seriously ill case Rehabilitation 
commences in the acute ward, but graduates to a stage when the 
atmosphere of the ward is unsatisfactory for both the bed patient 
and the ambulant Further, the routine of the ward conflicts with 
the routine of rehabilitation exercises and for these reasons it is 
desirable to separate them If the} cannot be sent to a specially 
equipped centre the} can be segregated m another part of the 
hospital to which they can graduate as the} recover The most 
satisfactor} results are achieved by a countr} rehabilitation centre 

The problems of the centre not onl} include those of staffing, 
space, feeding and therap} , but the problem of the patient himself 
It is still the com iction of man} that the} go to hospital to be made 
well, and not to make themselves well The attainment of the 
patient’s confident belief that the methods recommended are for his 
own benefit is of the utmost importance Nothing can be done to 
rehabilitate a man without his co operation, and to encourage and 
develop this is the first care of the staff 

Rehabilitation in the wards We concern ourselves here 
particularl} w ith the patients w hose confinement to bed limits their 
range of activities As soon as is appropriate the} are sent to the 
Rehabilitation Centre, as the first big step m their recover} The 
ward morale is dependent on ever} one, doctors sisters, nurses and 
patients alike, but its tone is set from the top The tid} ward the 
regular routine, the firm convictions of the staff, are breathed m 
from the moment of the patient s arrival No more responsive 
wards are to be found in a hospital than those of a Fracture Unit 
where the mental tone of the patient is in the vast majority of 
patients unimpaired 

Physical therapy in the wards fall into two compartments — 

(a) Special exercises, eg , to fingers and toes, shoulder and knee 
of a limb immobilised b} treatment 
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the P T instructor Apart from prov idmg a frcsli nnd pleasant waj 
\ of taking exercise, they have valuable sociological aspects 
T Occupational therapy T Ins takes three forms — 

(a) Djvcrsionn! thernpx To maintain patients’ interest during 
tedious periods, and to improve nioialc nnd nllay anxiety 
(li) ] unctionnl thernpx Actixities specially designed to exercise 
certain joints nnd muscles 

(<■) Pre \o cations! therspx Preparation of the disabled for 
return to Ins old occupation, or the selection nnd training 
for a suitable job if that is out of the question - 

It will be appreciated that dixersional therapy is particularly 
needed for the recumbent patient, but that organised games which 
max be considered n part of PT max also come under this heading 
There arc a wide xnnctx of communal occupations which for their 
sociological nnd character dox eloping potentialities should bo in- 
cluded m am complete scheme for rehabilitation These include 
dancing, dramatics, debating, formation of small orchestras, publica- 
tion of a news sheet and the like 

Time cannot he spent hero oil functional therapy, where great 
mgenintx can be used m designing exercises to dexelop specific 
muscles, or mox einents In particular, the employment of the 
hands m fretwork, weaxmg, basket xiork, knotting, leather work, 
carpentry , etc , is of great importance The largo representation of 
the hand m the cortex makes it inex itabic that many paths of associa- 
tion must be rendered useless in any serious injury, nnd these can 
only be replaced by fresh ones by constant application Suppleness 
and muscle tone arc improxed at the same time 

Pre x ocational therapy' is of extremo importance in an mdus- 
trnliscd community It is only suitable for use at the Special 
Centre It demands the dex elopment of a close relationship w ith the 
employer and the Industrial Medical Officer Centres liaxo been 
de\ eloped for single industries, m particular milling, where the 
demands made by r the work on the individual are extremely variable, 
and considerable experience is necessary of the various special jobs 
inside the industry to return men to suitable, employ ment In smaller 
and more specialised industries the mdustiy itself has set apart floor 
space wheie its employees can return to work under less exacting 
conditions and harden themselves for their old job or adapt them- 
selves to new ones The light engineering workshop is particularly 
suitable for a graded letum to work Machine tools can be found or 
* adapted *to a wide variety of movements of hand or arm, and 
adjusted to exeicise particulai muscles All thm variations in 
muse ula i activitv cm he cisfly achieved, and the stimulation of 
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joints and limbs, and particularly m the care of eases of nerve 
injury It is valuable, but insistence must be made on active 
voluntary exercises, and the patient made to realise that physio- 
therapy is only to facilitate this * 

For instance, the quadriceps can be best exercised by voluntary 
contraction which should be taught in preference to the use of 
Faradism The vastus medialis, however, can contract only if the 
knee will finally extend, and screw home, and this condition is not 
present m the early phases of treatment of most cases of knee injury 
It follows that Faradism should be applied in the early* stages to the 
vastus medialis only and the rest of the muscle exercised by volun 
tary quadneeps contraction The value of phj sio therapy radiant 
heat, short wave therapy, and diathermy is chiefly to promote 
relaxation and increased blood supply, which allows an increased 
range of voluntary movement and promotes absorption of 
exudates 

2 Physical training instruction This is probably the most 
important single element m rehabilitation, increasing general bodily 
well-being as well as the muscular power of the affected hmb 
Classes may be grouped m varying ways, according to the part of 
the body affected (a) Upper hmb injuries , (6) Lower hmb injuries , 
(c) Spinal injuries , (d) Special cases , or according to the seventy 
of the exercises Obviously the type of eases passing through the 
centre wall govern the arrangement of classes The fundamental 
factors governing the progress of the patient is his response to 
exercises w Inch make increasing demands on his strength Exercises 
may be increased in 

(a) Range of movement 

ffr) Strength of resistance to effort 

(c) Duration of activ ity 

These three variables are employed in varying proportions to suit 
each case firstlv with regard to general physique, and again with 
regard to each joint being specially exercised All activities are 
alternated with periods of rest and relaxation Thus in exercising 
a joint it is not sufficient for the limb merely to come to the end of 
its range of movement and then retrace its movement under con- 
tinuous muscle tension At each end of the range of motion there 
should be a dead spot, where the resistance is removed entirely, and 
a period of relaxation given In pullev and weight exercises this 
can be arranged easily by suitable knots m the cords, or the introduc- 
tion of stops against which the weight or hmb comes to rest 

Tlie organisation of outdoor and indoor games which add the 
zest of the competitiv e spirit to exercises is usually the prov mce of 
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the P T instructor Apart from pro* ldmg n fresh and pleasant 
of taking exercise, they Iin\c \nluable sociological aspects 
T Occupational therapy llus takes three forms — 

(a) Dnersional thcrapv To maintain patients’ interest during 
tedious periods, and to improve inoialc and allay anxiety 
{b) 1 mi ctionnl thcrapv Activities specially designed to exercise 
certain joints and muscles 

(c) Pre vocational therapy Preparation of the disabled for 
return to Ins old occupation, or the selection and training 
for a Mutable job if that is out of the question ' 

It will be appreciated that divcrsional therapy is particularly 
needed for the recumbent patient, but that organised games winch 
may lie considered a part of P T may also conic under this heading 
There are a wide xnnety of communal occupations which for their 
sociological and character developing potentialities should bo in- 
cluded m any complete scheme for rehabilitation These include 
dancing, dramatics, debating, formation of small orchestras, publica- 
tion of a new s sheet and the like 

Time cannot he spent hero on functional therapy, where great 
ingenuity can be used in designing exercises to develop specific 
muscles, or movements In particular, the employment of the 
hands m fretwork, weaving, basket work, knotting, leather work, 
carpentry , etc , is of great importance Tiie largo representation of 
the hand in the cortex makes it inev itable that many paths of associa- 
tion must be rendered useless in any serious injury’, and these can 
only be replaced by ficsli ones by constant application Suppleness 
and muscle tone arc improved at the same time 

Pre vocational therapy is of extreme importance m an indus- 
trialised community It is only suitable for use at the Special 
Centre It demands the development of a close relationship with the 
employer and the Industrial Medical Officer Centres have been 
developed for single industries, in particular mining, where the 
demands made by the work on the indiv idu il are extremely v anable, 
and considerable experience is necessary ot the various special jobs 
inside the industry to return men to suitable employ inent In smaller 
and more specialised industries tbo industry itself lias set apart floor 
M ia< e where its employees can icturn to work under less exacting 
conditions and harden themselves for their old job or adapt them- 
selves to new ones Tin light engineering workshop is particularly 
suitable foi a graded ieturn to work Machine tools can be found or 
adapted *to a wide variety of movements of hand or aim, and 
adjusted to exercise particular muscles \11 thieo valuations m 
mustulai activity can be easily achieved, and the stimulation of 
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joints and limbs, and particularly in the care of cases of nerve 
injury It is valuable, but insistence must be made on active 
voluntary exercises, and the patient made to realise that physio- 
therapy is only to facilitate this „ 

For instance, the quadriceps can be best exercised by voluntary 
contraction which should be taught m preference to the use of 
Faradism The vastus medialis, however, can contract only if the 
knee will finally extend, and screw home, and this condition is not 
present in the early phases of treatment of most cases of knee injury 
It follows that Faradism should be applied m the early stages to the 
vastus medialis only and the rest of the muscle exercised by volun 
tary quadriceps contraction The value of physiotherapy radiant 
heat, short wave therapy, and diathermy is chiefly to promote 
relaxation and increased blood supply, which allows an increased 
range of voluntary movement and promotes absorption of 
exudates 

2 Physical training instruction This is probably the most 
important single element in rehabilitation, increasing general bodily 
well-being as well as the muscular power of the affected limb 
Classes may be grouped m varying ways, according to the part of 
the body affected (a) Upper limb injuries , (6) Lower limb injuries , 
(c) Spinal injuries , ( d ) Special cases , or according to the severity 
of the exercises Obviously the type of cases passing through the 
centre will govern the arrangement of classes The fundamental 
factors governing the progress of the patient is his response to 
exercises which make increasing demands on his strength Exercises 
may be increased in 

(а) Range of movement 

(б) Strength of resistance to effort 

(c) Duration of activity 

These three variables are employed in varying proportions to suit 
each case firstly with regard to general physique, and again with 
regard to each joint being specially exercised All activities are 
alternated with periods of rest and relaxation Thus in exercising 
a joint it is not sufficient for the limb merely to come to the end of 
its range of movement and then retrace its movement under con- 
tinuous muscle tension At each end of the range of motion there 
should be a dead spot, where the resistance is removed entirely, and 
a period of relaxation given In pulley and weight exercises this 
can be arranged easily by suitable knots in the cords, or the mtroduc 
tion of stops against which the weight or limb comes to rest N 

The organisation of outdoor and indoor games which add the 
zest of the competitive spirit to exercises is usually the province of 
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the P T instructor -Apart from providing n fresh mid pleasant way 
of taking exorcise, they have vnlunblo sociological aspects 

*1 Occupational therapy 1 Ins takes three forms — 

(а) Dncrsionnl thernpv To nmintnm patients’ interest during 

tedious periods, mid to improve mmole ami allay anxiety 

(б) Punct ion a 1 tlierapx \ctiutics specially designed to exercise 

certain joints and muscles 

(r) IYc vocational thcrapv Preparation of the disabled for 
return to Ins old occupation, or the selection and training 
for a suitable job if that is out of the question 

It will he appreciated that divcrsioiuvl therapy is particularly 
needed for the recumbent patient, but that organised games winch 
may he considered a part of P T may also come under this heading 
There are a wide variety of communal occupations which for their 
sociological and character developing potentialities should bo in- 
cluded m am complete scheme for rehabilitation These include 
dancing, dramatics, debating, formation of small orchestras, publica- 
tion of a news sheet and the like 

Time cannot be spent hero on functional therapy , where great 
ingenuity can bo used m designing exercises to develop specific 
muscles, or movements In particular, the employment of the 
hands m fretwork, weaving, basket work, knotting, leather work, 
carpentry , etc , is of great importance The largo representation of 
the hand in the cortex makes it inev itnble that many paths of associa- 
tion must bo rendered useless in any serious injury', and these can 
only be replaced by fresh ones by constant application Suppleness 
and muscle tone are improved at the same time 

P- r £ locational therapy is of e\ trenie importance tn an nidus 
trnhsed community It is only suitable for use at the Special 
Centre It demands the development of a close relationship with the 
employer and the Industrial Medical Officer Centres have been 
developed for single industries, m particular numng, where the 
demands made by the work on the individual are extremely variable, 
and considerable experience is neecssarv of the various special jobs 
inside the industry to return men to suitable employment In smaller 
and more specialised industries the industry itself lias set apart floor 
space where its employees can return to work under less exacting 
conditions and harden themselves for their old job or adapt them- 
selves to new ones The light engineering workshop is particulaily 
suitable for a graded letum to work Machine tools can be found oi 
adapted ^to a wide variety of movements of hand or arm, and 
adjusted to exercise particular muscles All thiec \ filiations in 
■"nstulai activity can be easily achieved aid tlic stimulation of 
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joints and limbs, and particularly in the care of cases of nerve 
injury It is \ aluable but insistence must be made on active 
voluntary exercises, and the patient made to realise that physio 
therapy is only to facilitate this , 

For instance, the quadriceps can be best exercised by voluntary 
contraction which should be taught in preference to the use of 
Faradmm The vastus mtdialis, however, can contract only if the 
knee will finally extend, and screw home, and this condition is not 
present in the early phases of treatment of most cases of knee injury 
It follows that Faradism should be applied m the earl) stages to the 
\ astus medialis only and the rest of the muscle exercised by volun- 
tary quadriceps contraction The value of physiotherapy radiant 
heat, short wave therapy, and diathermy is chiefly to promote 
relaxation and increased blood supply, which allows an increased 
range of voluntary movement and promotes absorption of 
exudates 

2 Physical training instruction This is probably the most 
important single element in. rehabilitation, increasing general bodily 
well being as well as the muscular power of the affected limb 
Classes may be grouped in varying ways, according to the part of 
the body affected (a) Upper limb injuries , (6) Low er limb injuries , 
(c) Spinal injuries , [d) Special cases , or according to the seventy 
of the exercises Obviously the tyqie of cases passing through the 
centre will govern the arrangement of classes The fundamental 
factors governing the progress of the patient is Ins response to 
exercises w Inch make increasing demands on Ins strt ngth Exercises 
may be increased in 

(a) Range of movement 

(&) Strength of resistance to effort 

(c) Duration of activity 

These three variables are employed in varying proportions to suit 
each case firstly with regard to general physique, and again with 
regard to each joint being specially exercised All activities are 
alternated with periods of rest and relaxation Thus m exercising 
a joint it is not sufficient for the limb merely to come to the end of 
its range of mov ement and then retrace its movement under con- 
tinuous muscle tension At each end of the range of motion there 
should be a dead spot, where the resistance is removed entirely , and 
a penod of relaxation given In pulley and weight exercises this 
can be arranged easily by suitable knots in the cords, or the introduc 
tion of stops against w hich the weight or limb comes to rest 

The organisation of outdoor and indoor games which add the 
zest of the competitive spirit to exercises is usually the province of 
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THE IMMEDIATE COMPLICATIONS OF FRACTURES 


General 

1 Shock 

2 Tnummtic fever 

\3 IlTmorrlmpo (Fee injuries to v evicts ) 

4 Fnt embolism 

5 Delirium 

G Dronchopncumonm 

Local Due to lupin to structures surrounding tlio bono 

7 Injiuy to nen es (Crushing, contusion, concussion, stretching 

div ision ) 

8 Injury to % ossels (Arteries nnd v cins ) 

G Injuries to joints 

10 Injuries to viscera 

11 Injuries to soft tissues, muscles tendons nnd skin Discussed under 

compound fracture* 

Shock Shock is a condition of depressed vital functions which 
supervenes on injury after n variable period Its retiology is not 
yet entirely clear, but one important established factor is a general 
anoxaemia due to disturbed respiratory and circulatory functions 
The degree of shock is gov ernwl more by the amount of soft tissue 
damage than the site of fracture 

Shock vanes from individual to individual Highly strung 
people are more susceptible to the condition The general health 
of the patient before the accident, and whether or not lie was tired 
out or hungry also affects Ins susceptibility As the pathology of the 
condition is not yet clear, it is most convenient to discuss shock 
under the clinical features 

1 Pain Painful stimulation of a peripheral nerve will produce 
a fall m the blood pressure, nnd this will aid the general reduced 
oxygenation of the tissues which is a principal factor in the condition 
In this connection it is to be noted that great excitement induces a 
rclativ c anesthesia Not till the excitement passes off does shock 
superv enc v ith the onset of the pain 

The most generally useful anodyne will be found to be morphia 
given in J-graxn doses Local ana.stliesia into the fracture is a 
valuable aid Early first aid fixation of the fracture is also impor- 
tant 

2 Temperature A low temperature is an invariable accompani- 
ment of any degree of shock It appears to be secondary to a loss of 
circulatory balance, which results in failure of the skin circulation 
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producing something really useful may do much for the patient’s 
morale 


Specimen Time Table of a Special Rehabilitation Centre 


Hour Occupation 

0730 Reveille 
0800 Breakfast 

0830 Bed exercises for recumbent patients 

Non w eight-bearing exercises attended by weight bearing patients 
0900 Indiv idual special exercises 
Class gymnastic games 
Prev ocational Therapy 
1000 Break Hot druik 

1030 Parade Inspection Complaints Suggestions 
1045 General Physical Training 

1130 Games Non organised Ping pong, darts, billiards, etc 
Walk for progressing patients 
Run, for hardening patients 

1230 Lunch Rest period for new and weaker patients 
1400 Parade 

Bed exercises for recumbent patients 
Organised games 

1500 <~erara,e 

1530 Rest period 
1545 Tea 

1630 Quadriceps Class 

Occupational Therapy 
Div ersional Theripy 
1900 Free time 
1900 Supper 
1945 Parade Night roll 

2000 Entertainment Concert, cinema, pmg pong tournament, housey 
housey, debate, lecture, etc 
2130 Hot drink 
2200 Lights out 
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am: nnirnmi, comvucai io\s oi irahuuks n 

1ms the mlvaiit igis of being rcuddv dtftrimriul nt the bedside nnd 
cisilj rt corded Xevtrtheless, taken nhmc, it nmv he a source of 
error, as in the ctrlv stapes of shock (ip," ithin tw o hours) the blood 
pressure max lie raised, and rare easts arc met with m which it is 
high throughout the whole clinical course With the development of 
the full picture of shock (<U lived or secondary shock) the blood 
pressure falls and max he impoHsiblc to record As a general level 
below which the condition becomes more and more serious, and 
above which the prognosis is more and more hopeful, the figure of 
‘>0 min max he remembered Xo ease should he taken to the 
theatre with a blood pressure below tins level unless circumstances 
force it Pulse pressure is difficult to determine m the shocked owing 
to the undefined diastolic sounds Its cns\ determination and normal 
level (43 ram ) is a valuable sign of recover} 

0 Hennorrhage Small losses of blood which can he rendilv made 
up bj contraction of the spleen and peripheral vascular tree are of 
little importance When the hulk of fluid lost is sufficient to require 
the withdrawal of considerable tissue fluid to make up the volume 
necessarj for circulation, shock is induced ns a result of blood loss 
alone The remaining red cells arc slowly diluted b} the tissue 
fluids and concentrated b} vaso constriction m the essential organs 
The administration of plasma maj do actual harm In most cases 
of injur}, h'cmorrlinge and shock arc combined in var}ing propor- 
tions A clinical estimate of the amount of blood lost should alwajs 
he attempted, based on the amount of blood v isible, the s event} of 
the anaemia, and the size of the vessels injured 

7 II amoconcent ration In shock without liTmorrhage }n?mo- 
conccntratioii dev clops in a lew hours’ time In burns the combina- 
tion of loss of plasma into the tissues and on the burnt surface results 
m verj high figures for percentage htemoglobin being achieved In 
pure luemorrhage the percentage haemoglobin is reduced as tissue 
fluids are absorbed into the vascular s}gtem In the usual mixed 
lesion due to w ounds the academic determination of the percentage 
haemoglobin m the first few hours is not of much clinical value, 
though as a guide for later transfusion it maj be v aluable All cases 
with a percentage hwmoglobm below 60 should be transfused and a 
level of 80 per cent maintained if possible 

8 Toxamta The role of tissue products of the histamine t}pe 
m shock is still debated The recent elucidation of the crush 
syndrome shows the important effect of mj ohiemoglobm m disturb 
,n g ph}stolog} It is probable that histamine products pla}s a 
certain part in the production of shock but that the vicious circle to 
which they contribute, gams its chief momentum from its own 
interactions (Fig 29) 
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to respond m the normal manner to changes m external temperature, 
and an actual decrease in heat production due to deficient oxygena- 
tion To this, disturbance of the heat regulating centre may he 
added There is thus a marked susceptibility to cold and the 
a\ oidance of heat loss forms an essential part of treatment A vrarm 
room, hot bottles or a heat cradle, and warm drinks are simple but 
important measures to combat a fall of temperature It is to bo 
noted that excessive heat is as dangerous by producing \ <iso dilata- 
tion and sweating as cold, and m no case should the patient be heated 
to perspiration point The cold few cat \v hich is a a amble accompani 
ment of shock does not come under this consideration, and is fre 
quently localised to the face 

3 Colour This is an unreliable guide to the patient’s condition, 
except that satisfactory return of colour may be regarded as a sign 
of recovery Pallor is due to peripheral \ aso constriction, but it is 


- Reduced cardiac output - 


Reduced cardiac filling 

T 

Reduced venous return 


Low BP 

Reduced blood flow 
Asphyxia 


-Capillary dilatation - 
fluid loss 

Haenoconcentration 
Fic 29 The \ ip tons circle of nhorh 


difficult to determine whether this is of central origin, in an 
endCii\ our to maintain blood pressure and \ olumc , or peripheral 
spasms due to heat loss and external cold Cyanosis, indicating 
anoxaemia, is significant of the severity of the condition but may be 
due to many causes, or combinations of causes {Fig 29) As indicated 
under treatment, it should be rigorously combated 

4 Pulse rate This is extremely x amble Of most importance 
is the general impression given b\ the pulse where clinical acumen 
sums up variations in vascular tone circulating volume, blood pres 
sure and pulse pressure The w hole tone of the \ ascular tree is thus 
sampled by the index huger A rapid fluttering pulse is serious, and 
is usually combined with a low blood pressure as recoveiv sets in the 
pulse slows and the blood pressure rises Exceptional cases with a 
slow pulse and low blood pressure xie met with 

G B ( borf pressure The observation of the systolic and diastolic^ 
pressure and of the difference between them (pulse pressure) is per- 
haps the most useful single guide to the ( ondition of the patient It 
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]ms the achantigis of In mg readih determined at the bedside and 
casih recorded Ne\ort liclt^s, taken alone, it ma\ ho a source of 
error, ns in the nrh stage*? of sheik (t r , within two hours) the blood 
pressure ma\ he rnistd, and rare cases arc met with m whicli it is 
high throughout the whole clinical course With the dceclopment of 
the full picture of shock (dihnid or secondare shock) the blood 
pressure falls nn<l nine hi linpossihle to record As a general lee cl 
below which the condition becomes more and more serious, and 
nboec which the prognosis is more and more hopeful, the figure of 
'*0 mm mn he remembered Xo case should he taken to the 
theatre with a blood pressure below this lee cl unless circumstances 
force it Pulse pressure is diflicult to determine in the shocked owing 
to the undefined diastolic sounds Its ens) determination and normal 
lc\cl (-15 mm ) is a \aluable sign of rccoeer) 

G I In morrhagr Small losses of blood which can be rcadih made 
up b) contraction of the spleen and peripheral oscular tree arc of 
little importance When the hulk of fluid lost is sufficient to require 
the withdrawal of considerable tissue fluid to make up the \olume 
necessary for circulation, shock is induced ns a result of blood loss 
alone The remaining red cells nre slowly diluted b) the tissue 
fluids and concentrated b) \aso constriction in the essential organs 
Tiie administration of plasma mnj do actual harm In most cases 
of injur), hemorrhage and shock are combined in % arming propor- 
tions A clinical estimate of the amount of blood lost should alw a) s 
be attempted, based on the amount of blood \isible, the seeent) of 
the *ina?nua, and the size of the \esscls injured 

7 Hwmoconcentration In shock without hemorrhage hemo- 
concentration deeelops in a few hours’ time In burns the combina- 
tion of loss of plasma into the tissues and on the burnt surface results 
in verj high figures for percentage hemoglobin being achieved In 
pure haemorrhage the percentage hemoglobin is reduced as tissue 
fluids are absorbed into the \ oscular system In the usual mixed 
lesion due to wounds the academic determination of the percentage 
haemoglobin in the first few hours is not of much clinical ealue, 
though as a guide for later transfusion it maj bo e aluable All cases 
with a percentage haemoglobin below GO should be transfused and a 
level of 80 per cent maintained if possible 

8 Tox&mia The role of tissue products of the histamine tj pe 
m shock is still debated The recent elucidation of the crush 
syndrome shows the important effect of myohaemoglobm in disturb- 
mg phjsiologj It is probable that histamine products plays a 
certain part in the production of shock but that the % icious circle to 
which thej contribute, gams its chief momentum from its own 
interactions {Fig 29) 
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to respond m the normal manner to changes m external temperature, 
and an actual decrease in heat production due to deficient oxygena 
tion To this, disturbance of the heat regulating centre may be 
added There is thus a marked susceptibility to cold and the 
ay oidance of heat loss forms an essential part of treatment A warm 
room, hot bottles or a heat cradle, and w arm drinks are simple but 
important measures to combat a fall of temperature It is to be 
noted that excessive heat is as dangerous by producing y aso dilata- 
tion and sweating as cold, and in no case should the patient be heated 
to perspiration point The cold sw eat w Inch is a y anable accompani- 
ment of shock does not come under this consideration, and is fre 
quently localised to the face 

3 Colour This 1 $ an unreliable guide to the patient’s condition, 
except that satisfactory return of colour may be regarded as a sign 
of recovery Pallor is due to peripheral vaso constriction, hut it is 


Reduced 

Reduced 


- Reduced cardiac output - 


cardiac filling 


venous return 


Low BP 

Reduced blood flow 
Asphyxia 


-Capillary dilatation -* 

I 

Fluid lot 

•f 

Maenoconcentration 
Fia 2*> Thp \ icious circle of shock 


difficult to determine whether this is of central origin, m an 
endeay our to maintain blood pressure and \olume, or peripheral 
spasms due to heat loss and external cold Cyanosis, indicating 
anoxemia, is significant of the sc\ enty of the condition, but may be 
due to many causes, or combinations of causes (Fig 29) As indicated 
under treatment it should be rigorously combated 

4 Pulse rale Tins is extremely variable Of most importance 
is the general impression gnen by tin pulse where clinical acumen 
sums up sanations in \ascular tone circulating volume, blood pres 
mire and pulse pressure The whole tom of the \ ascular tree is thus 
sampled by the index finger \ iapid fluttering pulse is serious, and 
is usually combined w ith a low blood pressure , as reco\ ery sets in the 
pulse slows and the blood pressure rises Exceptional rases with a 
slow pulse and low blood piessure arc met with 

5 Blood pressure The observation of the systolic and diastolic^ 
pressure and of the difference between them (pulse pressure) is per 
haps the most useful single guide to the condition of the patient It 



THr IMMEDIATE f OMPLIf \TIOXS 0! ri? UTURKS H 


the temperature* will clojionrl on the amount of tin Wood effused, 
i but it rnroh lists ninn linn thru* clav* r Jhm fewr may cause 
undue anxiety whin infect ion is niitiupnkd 

Fat embolism lhi< rare condition is usually dbniomt rated ns a 
po«t mortem finding 'J In t xact mode of occurri net* is not y et clear, 
the idea that marrow fat is some how sqm < 7 ( d out into the circulation 
not hung entirely satisfactory The condition occurs from twelve 
hours to three days after the* accident At post mortem the fat 
globules may be demonstrated in the* kidneys brain ami lungs, and 
the symptoms dejKnd on winch organ is most involved Clinically 
there are two types, cerebral and pulmonary Hit cerebral type 
mat show delirium, muscle twitching*, or localised /its, passing into 
coma In the pulmonary t\pe there arc symptoms of respiratory 
distress, rising puke and re spiration rate, and later cyanosis There 
is a normal jicrciicMoii note nil over the chest, but coarse rales and 
signs of pulmonary oidcma may be present The condition may be 
confused with shock, delirium tremens, cerebral complications, 
internal Iranorrhage, bronchopneumonia and pulmonary embolism 
The latter two conditions arc, as n rule, later m onset, occuiring after 
the fifth day The treatment of the condition is limited to general 
measures 

Delirium This may arise in old patients ns a result of the trauma 
alone, and is then usually of the low restive muttering type, which 
calls for sedatives More troublesome is the onset of delirium 
tremens, for the restlessness of the patient will destroy any retentive 
apparatus used to retain the fracture, other than a plaster cast, and 
the oaset of the condition may be an indication for placing a limb 
m plaster which was previously being treated by skeletal traction 
The onset is nev er sudden, and vv anting by hallucinations and insomnia 
is usually given The tongue is heavily furred, the temperature 
100° to 102°, and the pulse rapid Delirium persists two to five 
days Treatment consists of the minimal restraint necessary and 
adequate sedativ es 

Traumatic delirium (cerebral irritation) may give rise to similar 
difficulties with retention Delirium due to fever, or the onset of 
pneumonia, needs only to be mentioned here 

Bronchopneumonia It must never be lost sight of that elderly 
patients or patients jn poor general condition, or with chrome 
bronchitis, may dev elop bronchopneumonia The immobility' forced 
on the patient may be the mam contributing factor to this, but in 
certain injuries, such as fracture o/ the ribs m the old, it may* ensue 
m of ambulatory treatment One must be careful that a 
patient who is likely to develop the condition has Ins fracture fixed 
' ^ ie means allowing the greatest amount of freedom in the bed, and 
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Treatment Some details in symptomatic treatment ha\e been 
mentioned already All efforts are directed to the improvement of 
the circulator tone and the o\y genation of the tissues The foot 
of the bed is elevated and there are sound arguments for bandaging 
the lower limbs in serious cases If there is cyanosis or serious 
shock administration, of ovy gen by a B L B mask is commenced 
Morphia is continued and its effectiv eness noted by the pupils With 
a sluggish circulation it may be absorbed with difficulty It should 
then be given intrav enously 

Replacement of fluid loss In cases of shock without haemorrhage 
intravenous plasma is given at once, starting off with one or two 
pints administered rapidly, i e , within half an hour The rate is 
then reduced to half or less If more than three pmts have to be 
administered the fourth pint should be pure blood, to maintain 
satisfactory haemoconcentration 'In cases of pure h'emorrhage 
blood must be given, if possible, m amounts and with a rapidity 
corresponding to the rapidity of loss No fear need be felt in 
givmg large amounts rapidly if they hav e been lost If it is impos- 
sible to provide adequate amounts of blood, blood and plasma should 
be given m equal amounts together In the usual case of wound 
shock and hsemorrhage encountered the plasma infusion is com- 
menced while grouping of blood is carried out for transfusion 
Administration of plasma and blood aie continued till a satisfactory 
response occurs In the later stages the administration may be con 
trolled by percentage hemoglobin investigations if these are avail 
able 

Decision as to operation Nothing may be more difficult to deter- 
mine than the right moment for operation As a general rule 
operations are carried out early , m the recovery phase from primary 
shock, before secondary shock develops, or after secondary shock 
has been overcome in part at least by restorative measures The 
first period occurs within the first three hours of injury Appro- 
priate measures to overcome the combined surgical shock and wound 
shock which will follow are commenced at once, without waiting 
for specific indications Plasma and blood are admimstered on the 
table from the start of the operation The second period of opera- 
bility cannot be confined so easily to time limits The ideal moment 
varies from ease to case, sometimes it is early , i e , within five hours, 
more often late It is noteworthy that there has been an increasing 
tendency to postpone interference in seriously shocked cases, so that 
fifteen to twenty hours’ rest and resuscitation may be given 

Traumatic fever Oumg to the absorption of the products of 
autolysed blood from the hsematoma the temperature may rise as 
much as 2° (100 8), very rarely more The height and duration of 



THE IMMEDIATE COMPLICATIONS OF FRACTURES 17 

injuries associated with fracture of the medial cpicondylc, it is 
justifiable at the tune to transplant the ulnar none anterior to the 
joint, though late ulnnr neuritis is not a frequent sequel of this 
condition, being more common after the fractures of the lateral 
condy le 

Recent h the disippointmg results of stretching injuries to 
nones lm\c come to light Although no loss of continuity may bo 
visible to the naked eye, there arc multiple lesions scattered through 
the ncr\c at different !c\cls In spite of their approximation these 
liesl exceedmgh bully Such lesions arc met with most commonly 
in the peroneal none stretched l»y adduction at the knee joint, and 
less commonly in the ulnar none 

Nm\r it sioss occuimiNC duiuno trfatm*\t These nun be 
due to external factors such as the pressure of a splint or crutch 
The most common ntnes involved are the peroneal as it winds 
around the head of the fibula from the pressure of a walking plaster 
and the radial ncnc from the pressure of a crutch These lesions 
rapidh clear up with the removal of the pressure 

The oaset of paraly sis in a patient free from such pressure may 
be confusing and cause the doctor concern as to w bother manipula- 
tion has not damaged a nenc, or whether he has overlooked a lesion 
on the firat examination It is for this reason that it is important 
to make a neurological examination in any r likcly r case when it is 
first seen The onset of paraly sis due to the 1 m olvement of a nerv e 
m callus hns been hotly debated, but most people have seen cases 
m which between the sixth and the tenth day a severe and lasting 
paralybis hns occurred, which may take months to clear up, and 
the pressure of organising fibrous tissue or callus seems to he the 
only r plausible explanation Such cases are obscr\ed for six 
months, and if recot cry h is not occurred by this time the non e is 
explored (Sec Fig 259 ) 

Latl lisjoxs Where a fracture has lcsultcd in an alteration 
of the alignment of a limb, 01 the production of an irregularity 
causing pressure on a nerve, the neivo is liable to undergo fibrosis, 
w ith the slow onset of pai aly sis This may not occur till y ears later 
and is characteristically seen in the ulnar nerve following lesions of 
the lateral condyle which haxc resulted in a valgus deformity of the 
elbow More commonly in elbow injuries an ulnar neuritis develops 
in the thud or fourth weeks This accompanies the commencement 
of movement m an elbow in which there is still some swelling and 
bruising around the joint In these conditions the ulnar nerve has 
not adapted itself to alteiations in its path, and the movements 
may stretch the nerv e m the sw ollen tissues This repeated stretch- 
mg miy It id to a paicsis oi tcmpoiaiy pamlysis To avoid this 
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which, if possible, w ill allow the patient to be & it out Such a medium 
is plaster, and a complete plaster case should be substituted in many 
cases where in the normal individual continuous traction would be 
used Care musft be taken that such a plaster does not restrict 
respiratory movement, or is of such size as to impede movements in 
the bed 

A further safeguard is the introduction of general exercises 
in the bed, particularly deep breathing exercises, which in the very 
feeble may be promoted by the inhalation of CO s for tin minutes 
every hour Once symptoms appear as indicated b} rise of tempera- 
ture, nocturnal delirium, and moist sounds m thi chest, not neces- 
sarily at the bases, every step to increase the movement of the 
patient and allow free respirator} movement must be taken This 
often means dismantling apparatus, but it must be done as the 
condition is usual!} progressive if neglected When possible tho 
patient is sat out of bed The use of chemotherapy as a prophylactic 
and curative must not be neglected 

Injuries to Surrounding Structures 

Nerves It is convenient to discuss all the nerv e injuries, including 
late nerve complications, together 

1 Immediate lesions may be due to concussion, stretching, 
contusion, crushing, or division, which may be partial or total 

2 Lesions arising during treatment 

3 Late neuritis 

Immediate lesions ma> be complete or incomplete, and these, 
again, mav be temporary or permanent The more incomplete the 
lesion on the first examination the more likely it is to be temporary 
Complete division of the nerve is uncommon, most of the lesions 
being due to contusion, stretching or crushing Concussion is a 
very rare lesion, which is fleeting and due to the vibration set up in 
the tissues by the passage of a bullet m the viemitv of the nerve 
It is probabl} a mild variety of contusion 

The indication for immediate operation on a nerve is limited to 
the suture of a nerve divided in an open fracture In all other 
lesions delay is advisable till the diagnosis is accurately established 
In most cases the nerve will recover of its own accord The time 
of recover} will vary very much, depending on the injury, and in 
the case of sev ere damage to the radial nerve maj be as long as six 
months There is considerable disagreement as to the length of 
time one should wait before operating, manj people preferring to 
explore earlier, t c , in the second or third month if recover} has not 
occurred rather than wait for six months In brachial plexus 
injuries no advantage is gamed by operation In ulnar nerve 
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presence of local injur} exploration ih ncccvnri , ns one is not certain 
whether one is dealing with n complete rupture Sn treatment when 
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liny persist till the death of tlio lunb Tlio acute pain is duo to 
muscle cramp (cf Mjositis fibiosa) Tho association of noixo 
injuries maj be responsible for a few cases which are painless and 
maj be partlj responsible for the persistence and failure to redis- 
tribute the blood These demand exploiation and the relief of tho 
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complication elbow movements should be commenced gently and 
actively, and ill forced movements avoided Elbow movements 
should not be commenced too earl} if swelling is persistent Should 
the condition occur a further period of rest will clear it up 

Vessels Damage to \ essels is an ine\ liable accompaniment of all 
fractures, but it only becomes serious when there is continuous loss 
of blood, or a hsematoma under pressure Damage to veins may 
produce a large hsematoma, which is frequently subcutaneous It 
is lax and does not pulsate, md the pressure of the blood being 
insufficient to overcome the resistance of tissues it ceasis after e 
short time Damage to a large artery results in the formation of a 
large pulsating hcematoma, and, w hat is far more senous, interference 
with the blood supplj to the rest of the limb The pressure of dis- 
placed bone on a v essel without actual rupture ma} stop the circu 
lation, and this is more senous as there is then no heematoma to draw 
attention to the condition, and irreparable damage maj occur before 
the pressure is relieved Circulatory obstruction may also be pro- 
duced bj the pressure of splints, and particularly by the post 
traumatic swelling of a limb in a complete plaster Arteries are very 
strong and not likely to be ruptured, but the} are liable to brvusmg 
which beiouse of the autonomic supply earned in their walls may 
result in marked spasm of the distal vessels and partial obstruction 
This is particularl} seen in the brachial arterj , and ma} be related 
to the onset of m} ositis fibrosa Gangrene of the distal portion of 
the limb ma} follow these lesions 

Pressure on a v essel demands immediate relief by reduction of 
the fracture, while rupture of a sufficient!} large vessel will demand 
open operation if it has not oceumd m an already open fracture 
Interference is limited to an incision through the tense fascia, and 
evacuation of the clot followed by drainage, as it is very unlikely 
that m the swollen and bruised tissues a bleeding point will be 
found, unites a mam vessel is involved 

Ver} rarel} an ancur} smal vanx, or a \ ancosc aneur} sm dev elops 
from the injurv of a ncarb} vun and artery 

Arteriography Those w ho hav e mastered the simple technique 
of contrast artenographv , mav be saved much anxiet}, as the 
method enables the situation in the hmb vessels to be issessed 
without operation and in i more reliable manner 

To sum up The \ ascular changes met with mav be — 

1 Bruising of an arterial tiall uithout spas m (Fig 10) 

2 Bruising of an artery tilth local spasm Tins ma} occur to the 
brachial arten in dislocations of the shoulder, or in gunshot wounds 
of the limbs The puLc is variable usuill} reduced in volume 
sometimes absent It returns to normal m two to siv. hours In tin 
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to nssume Ini^c proport ion-*, and aspiration i<* nd\ liable This I 4 ' 
nccc^rj ns n preliminary to 0113 manipulations, nnd to the accurate 
fitting of n plaster, while the remoxnl of the blood probably decreases 
the adhesions which nin\ form 'Much t he most important features 
of the injury arc the later M'qitel'c, limitation of imminent nnd 
truiniatic arthritis 

In open wounds the escape of n few drops of synovinl Itmcl into 
the wound, winch cm readily be appreemted by nibbing the fingers 
dipped in the exudate, inn\ help to decide whether n joint is m\ oh ed 
A somewhat similar slippcn hensntion may be nnjmrted by marrow 
fat, so that m the presence of a fracture below the wound the test 
may be unreliable A more \nlunble test, if a decision lias to be made, 
is to inject iiemcillin into the joint, and sec if it escapes into the 
w ound 

It must not be forgotten that cartilage injur* alone will show no 
irregularity or shadow in the X-ray Only if a flake of bone is tom 
of! with tlio cartilage (ns m arthritis dessieans) will the damage be 
seen in the radiograph Thus m fracture of the head of the radius, 
damage to the cartilage of the capitcllum (as shown by operation) 
frequently occurs, nnd is cnerlooked and unsuspected till recovery 
fails to occur in the usual time 

Dislocation associated with a fracture is an added source of 
trouble The fracture may’ make adequate reduction of the disloca- 
tion difficult as m fracture dislocation of the shoulder, or ucc tersa , 
as in fracture dislocations of the spine 

Viscera Tiie \ iscera liable to damage are discussed in the com- 
plications of special fractures The principal dangers are due to 
infection or to hemorrhage 
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collateral circulation from all pressure At operation, excision of a 
segment of the artery has been recommended The rationale of this 
is not clear Any effects on the distal circulation, presumably occur 
through the pen arterial sympathetic, and pen-artenal sympathec- 
tomy by stripping the outer coats u ould seem moie logical Whether 
anything is done locally or not, immediate para\ ertebral sympathetic 
block should be earned out, not only to try and dilate the affected 
\ csscl, but to dilate the collateral circulation as well 

4 Local bruising awl pressure uiih pressure on collaterals Tins 
may occur in gunshot w ounds, especially if put m plaster The colla 
teral circulation around joints is to allow for the occlusion of the 
mam vessel in extremes of movement It is at the joint lex els that 
particularly large areas of a cross section of the limb are occupied by 
bone and pressure may re idily be exerted on the collaterals The 
h'cmatoma should be evacuated and drained if necessary, or the 
wound lightly packed 

5 Complete rupture of a lessd If the \ essel ends can letract there 
ib often little bleeding Danger arises from thrombosis m the distal 
end or pressure on the collaterals If a \ essel cannot retract, e g , 
it is bound down by hr inches, or only partly tom, bleeding may be 
severe The vessel ends should be ligated 

After treatment Ne\er use traction where there is any ques 
tion of the impairment of the blood supply Plaster also should be 
a\oi (led, but it mas be necessary to use padded plasters or plaster 
gutter splmts Always ele\ ate the limb , a slung skeleton splint is 
usually most comement Keep the hmb cool rather than o\er- 
heat it Remember that tin circulation m the deep tissues is w h it 
counts, and the skin circulation is an unreliable guide to this 

Joints Joints ma\ be injured in association w ith fractures in the 
follow ing w n\ s 

1 The hactme linj lun into the joint, or bo entirely 
mtra articular 

2 The fracture may result m th( normal alignment of the hmb 
being altered, w ith subsequent strain on the joint 

3 A dislocation ma\ be associated w ith a fr icture 

4 A mal united fracture m one leg may throw so much stiam 
on the other that a traumatic arthritis may deielop on the uninjured 
side from repeated minor strains 

It has been emphasised befoie and will be Emphasised again, 
that the serious feature of x fracture is the damage to soft pirts 
and the alteration of joint alignment, and not the fracture itself 
It is still more serious when the fracture imolves a joint and to 
altered alignment is added an irregularity of the joint surface An 
effusion «f°l blood into tin joint i^ ine\ liable In the knee it is liable 
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THE LATE COMPLICATIONS OF FRACTURES 

Late Complications 

1 Infection (See compound fractures, Chapter VIII ) 

2 Non union (Sco Chapter IX ) 

3 Mai union (See Chapter IX ) 

4 Lnto neuritis (Sec Chapter V ) 

G Mvositrt ossificans nnd ossify uir Imnatoma 

0 Mvositis fibrosa (\ olhmnnn’s ischsemic contracture ) 

" Acute traumatic bom nlrophv 

8 Joint stiffness nnd adhesions 

0 Traumatic arthritis 

10 Avascular necrosis (Sco Cliaptcr II ) 

11 (Edema nnd \ ascular disturbances 

12 Nephrolithiasis 

Myositis Ossificans and Ossifying Hmmatoma 

It is customary to apply the term myositis ossificans to any flako 
of bone found in the \ icimty of, but distinct from, an injured bone 
This is an cqui\ocal use of the term, which was once limited to a 
single clinical entity in which some inflammatory features were 
present It now cov ers so\ oral conditions 

1 New bone formed in the \icmity of displaced fragments of 
bone or cartilage 

2 Extensive new bone formation m tissues in the v icinity r of a 
fracture which were involved in the fracturo hsematoma 

3 Patchy new bone formation in muscles at some distance from 
the fracture and not directly involved in tho fracture h'ematoma 

4 True myositis ossificans, the formation of now bono accom- 
panied by pain and other features of inflammation, and now less 
commonly seen than under old methods of treatment 

The formation of callus commences first at tho junction of the 
stripped periosteum and the shaft, and slowly extends into tho 
h’ematoma, gradually encroaching on. the fracture site till it joins 
the callus extending from the opposite side At the same time there 
is a tendency for the hscmatomn to dimmish in size If tho 
luematoma is very large, or the periosteum is torn and displaced into 
the muscles around the bone, the ossify mg process may extend into 
the surrounding tissues, and this is particularly marked in commi- 
nuted fractures We have stated that ossification is not a specific 
property of the cambium cells of the periosteum, but that any 
fibroblast may under certain conditions become an osteoblast and 
lay down collagen fibrils, among which calcium and phosphorus are 


^2 COMPLETE OUTLINE OF FRACTURES 

Me Akins, J C " Shock, its C vuvo and Treatment,” Camd Med Ass Jour , 
1940, 93, 201 

Sloosr V H " I if]j Recognition of Shock Differentiation from Himor 
rhage,” Ann Surg , 1930, 110, 200 

Fat Embolism 

SCUDEUI, C S “ The Present Status of Fat Embolism,” Internal Surg 
Digest , 1934 Octobei, No 4, Yol IS 

Rowlands and Waxelet “ Tat Embolr-m ” Lancet, 1941, x , 002 

Scott and Kemp “ Pulmonary Fat Embolism,” Lancet, 1942, i , 228 

Nerve Injuries 

Platt, H “ Peripheral Nerve Complications of Fractures and Dislocations 
of the Elbow” Robeit Jones Birthday Volume London, 1928, p 195 

Platt and Bristow “ Remote Results in Operations for Injuries of the 
Peripheral Nerves,” Brit J Surg , 1923, 11, 635 

Platt, H “ Traumatic Neuritis of the Ulnar Ner\ o in the Post condylar 
Groo\e,” Brit J Surg 1925,13,409 

Platt, H * Peripheral Ner\ e Complications of Certain Fractures,” J Bone 
and Joint Surg , 1928, 10 403 

Davidson and Horowitz ' Late or Tardj Ulnar Ner\ e ParoU sis,” J Bone 
and Joint Surg , 1935 17 844 

Injuries to Vessels 

Dodd, H “ Gangrene following Fractures (excluding Gas Gangrene), 
Brit J Surg, 1934 22,246 (Summary of the types of injury, the vessel 
liable to injury , and svmptoms ) 

Cohen S A Traumatic Arterial Spasm” Lancet, 1944, t , 1 



THE L vri: COMPLICVHONS OF I* FACT OKI'S 


elsewhere, such ns “ riders hone ” in the adductor longus, or hone 
formation in fibrotic hears, lmt the form it ion is in this ease related 
to the repair process which is going on in the \ ic imt\ Acrording to 
fanchc and 1’ohcard, whose tlicorv is uluted to the facts, hut is not 
the whole truth, under these oircumstnnecs we lm\c the essential 
conditions present m winch ossification occurs 

1 We ha\c mi active blood Mipply in the mganising h.cumtonm 

2 An ossifiahlc medium, that of the growing fibroblasts 

3 Excessive calcium from absorption m the vicinity 

Am damage to a muscle in tin vicinity k suiting in a slight 
fibrosis may hcconie involved <n this tVtli r J'hc stimulus changing 
the direction of the fibroblast fiom fibrous tissue foimatiou to bone 
is considered in this hypothesis to he the local t denim excess, but 
though this is pirt of the truth it is not all of it Observation of 
many cases and the *tudy of the lejiau of bone makes one certain 
that any further tissue injury in the vicinity oftheicpair process will 
result in the rapid extension of the ossification, and many cases in 
which the condition develops give a histoiy of early forced move- 
ments The condition is particularly common in the elbow region, 
and is to be avoided by giving adequate rest to the joint before 
movements are attempted, usually a pcnod of thicc to four weeks, 
and then to commence gentle activ c mov ements In all cases forced 
or violent activ e or passu c mov ements are to be av oided The effect 
of sucli movement can he seen readily if the angle of the elbow m 
extension and flexion is mensuicd weekly If, following an elbow 
injury such ns a supracondylar fracture, theic is a progressive 
decrease m the range of movement, it is almost ceitam that inquiry 
wiU reveal forced movements, such, as the carrying of a school 
Bitchel or the well meant effort of a paicnt to get the arm straight 
Treatmfxt This fills into two stages In recent cases, m 
which the outline of the callus m the radiograph is soft, time will 
usually result in absorption of the deposit altogether or m part 
The degree of fixation necessary to encourage this is debated If 
there are any acute symptoms such as swelling or pain, the joint 
must be completely rested If the joint is painless the advantage 
of absolute fixation m plistcr is doubtful, and equally satisfactory 
results are achieved by merely avoiding heavy work and forced 
mov ements, vv hile leav mg the arm free for lesser activities 

If the lesion is old and the bone well organised with a sharp 
dense outline (Fig 35), operativ e remov al is required if it is obstruct 
mg movement In many eases there will be little disability in spite 
of its presence, and there is then no call to interfere Care must be 
taken during the operation to do as little damage to soft tissues as 
possible and avoid the formation of a fresh hematoma 
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deposited to form new bone The cambium cells of the periosteum 
mertlj sene 'is a store of readily a\ailable cells which rapidly 
produce fibroblasts In the first two conditions mentioned the 
muscle is in\ olved because it forms part of the fracture hsematoma 
This may be serious, as, for example, in the thigh, w here the quad- 
riceps may dtxelop <xtensi\c adhesions to the lemur, limiting knee 
ino\ ements Such hematomas show a rounded and definite outlme 
and usually some connection with the callus at the fracture site 
Occasional!} onl} small areas of the hematoma undergo calcification 
due perhaps to the presence of a bone fragment, or the displacement 



y jr 3.1 In mat jitw in tbe br«hialiH antic us follow inj, fracture of the ulna 

with anterior dislot ltion of the head of th<* radius (‘-eqxiel to the fracture 
shown m tv 301 Th« outlines of the new bon« are now sharp and well 
defined due to the organisation oi a (me lajer of < omp^t bone on the periphery 
indn atin K that all a< ti\it\ lias < eawd end light a< ti\ e exerciWB can be indulged 
in without Oar of extension of the n< w bone formation. 

of periosteum and show no connection in the radiograph with the 
shadow of the callus 

Such an ossifwng hematoma should be left, and will graduallj 
decrease, partn ularK m the x oung Occasional!} , w hen in the 
neighbourhood of a joint, it will limit movement and when well 
organised, which takes some twelxe to eighteen months, maj be 
better remoxed Earl} interference ts contra indicated m all cases 
as it produces a fresh luematoma and fresh bone formation 

The conditions resemble those of hcterotopic bone form ition 
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open to an action for mnlpnixm Such n risk makes it important tlmt 
the \anous factors related to flic condition be full} discussed 

The deformtt\ is <luc to shortening of the flexor pronator gronp 
of forearm muscles xccondnn to a replacement fibrosis of the muscles 
with subsequent contraction It is lmnriabf} associated with 
circulaton changes of the limb in both the onset stage and the late 
stage v The association of the condition with x oscular and ncrxous 
features lias led to a thorough examination of both these actors ns 
the possible caiisatixe agents — tlio ncrxous damage nppears to be 
an associated phenomenon clue to either nerxe damage at the time 
of the injury , or secondary to lscha-'inin of the limb Of the \ nscular 
possibilities both the xenons and the arterial sides lmxc been held 
responsible but the a?tiolog} of the condition is not } ct clear 

Clinically the condition max bo dixided into three stages 

1 Threatening stage 

2 Dc\ eloped acute inflammatory stage 

3 Stage of fibrosis and contracture 

First stage In tins stage, which is not uncommonl} seen, the 
patient will complain of sex ere pain m the limb, the fingers will be 
swollen and engorged and the moxements limited Tliero maj be 
some interference with the radnl pulse With correct treatment 
(to be discussed later) tins will pass off and the condition may com- 
pletely rccoxcr Partial rccoxcr} mnj occur xuth a slight degree 
of contraction later in one or txvo fingers, indicating that the second 
stage has developed in a few muscle bellies 

Second stage The symptoms and signs mentioned above are 
present m an nggraxated form In the actual muscles mxolved 
changes of an acute inflammatory nature occur The muscles are 
tense, swollen nnd ccdematous, of a bluish colour* duo to congestion 
combined v ith multiple capillar} rupturos and lmmorrhagc into the 
muscles This is follow ed by an mx asion of 1} mpliocy tes and phago- 
cytes among the muscle fibres, xxhich soon lose their charactcnstica 
and degenerate At this stage the fascia of the forearm is very 
tense and frequently the skin is almost equally tense, due to the 
gross swelling Finger moxements are impossible and, if passively 
made, excessively painful The fingers are held flexed S}mptoms 
of nerxe pressure or paral}Sis maj be apparent 

Third stage This is the stage which characterises the condition 
In tho fibrosis which follows arterial obstruction and nerx r e degenera- 
tion the contracture winch characterises myositis fibrosa does not 
occur We must therofoie seek for the special fa ctors w Inch produce 
this contraction, and it has been suggested that they arc vascular 
or neurological, or a combination of both The acute symptoms 
subside and at the end of three days early contraction can be noted 



56 


COMPLETE OUTLINE OF FRACTURES 


Myositis ossificans 
The condition to which this 
was first applied is most 
commonly seen in the elbow 
region It takes the form 
of a fairly acute inflam- 
matory reaction with heat 
pain, redness, swelling and 
tenderness in the vicinity of 
the fracture, which is ob 
viously a much more active 
lesion than the repair pro 
cesses on w hich it supervenes 
It occurs at an} time after 
the first three days up till the 
end of the third week It is 
rapidly followed by calcifica- 
tion and ossification in the 
involved tissues The exact 
cetiology of the condition is 
not clear, it may be sub acute 
inflammatory in nature, or 
Fic. 35(7 31* ositis o&sificans in the brach aha more probably chemiCO 
unticus This specimen of true myositis 1 ~ 7, 

ossificans shows extensn e in* oh ement of the pathological, following V aSO 
muscle with calcification occurring along the motor changes It produces 
lines of the smaller intramuscular septa , <* -< 

* larger masses of new bone 

than is usually found with the more passive processes previously 
described, and organisation is slower Characteristically the new bona 
formed indicates the outline and direction of the bundles of muscle 
fibres of which the muscle is composed (Fig 35 a) The treatment, 
which consists of complete rest in the acute stage, must be prolonged 
Removal of organised fragments is very likely to be followed by a 
recurrence, and the extent of the condition usually renders this 
impossible Slow recovery over a long period may occur, but some 
permanent disability is the rule 

Myositis Fibrosa (Volkmann’s Ischaemic Contracture) 

The decrease in the incidence of this condition is due to the 
widespread recognition of the risks of certain forms of treatment 
m fractures in the elbow region This care must not be relaxed by 
the profession because the condition may also be found apart from 
all treatment The responsibility for the condition is so frequently 
(awl at the door of treatment that a surgeon who neglects the 
warning signs and allows the condition to develop wilt lay himself 
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arise from the niptun of a Miinll nrttrv into the space, the pressure 
of displaced fragments of hone, or tlie nntcnorly displaced end of the 
humerus, or from triumntic swelling and (edema 

Brooks’ thcon has however not explained the loss of radial pulse 
often notued, or the occurrence of the condition, apart from the 
ante cubical swellings and in other regions 

Arterial thcon/ Contusion or pressure on the brachial artery by 
a fragment of bone has been seen at operation to cause intense spasm 
of the \csscl, which is continued into the distal branches This 
spasm is sufficient to reduce the blood flow through them to almost 
nil, and is persistent The long continued partial or complete 
obstruction to the circulation in tho limb thus accounts for the loss 
of the radial pulse, and the peripheral -vascular features which 
characterise tho condition The subsequent microscopical changes 
fit in satisfactorily with an avascular necrosis of the muscle cells, 
followed by a peculiarly activo fibroblastic replacement Clinically 
it has been shown that the vasospasm can only be undone by 
novocainc infiltration of the vessel wall or complete division of the 
vessel This latter procedure being the most effective is the usual 
procedure adopted, as the vessel is usually damaged at tho point of 
spasm Absence of a radial pulse is thus a justification for explora- 
tion of the radial artery , with which may be combined the release of 
tension in the ante cubital fossa and the flexor group by a long 
fascial incision 

Clinical In w atclnng suspected cases it must be remembered 
that certain signs may be absent For example, tlie condition may 
develop without loss of the radial pulse, which cannot alone be used 
as a criterion of safety Loss of the radial pulse from tlie beginning 
suggests pressure on the brachial artery from the fracture, and 
should the reduction of the fracture fail to restore this, it is an 
indication for operatives exploration, especially if accompanied by 
other signs of circulatory failure m the hand My ositis fibrosa may 
also develop in an arm without complamt of pam, though this is 
usually severe and bitterly complained of Swelling, loss of function 
of the flexor muscles, and circulatory disturbances such ns pallor, 
cyanosis, and coldness are found in all cases, and these are sufficient 
to justify active interference It must be remembered that nerve 
symptoms are present in 50 per cent of cases, the median and ulna 
being the more commonly affected nerves Involvement of these 
nerves may account for a few cases in which there is no complaint 
of pain The time of onset of the condition is most commonly 
within eight to forty eight hours of the fracture, but in a few cases 
it has apparently occurred later, but such cases usually give a 
nstory of some manipulation 01 change of treatment some days 
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This becomes more and more marked so that the fingers are first 
flexed, then the w n&t, and in severe cases e\ en the elbow In the 
full) dev eloped state the lesion is eisily diagnosed The wrist is 
flexed and the fingers extended at the metacarpo-phalangeal joints, 
due to the action of the extensor digitorum communis, and flexed 
at the inter-phalangeal joints due to the inability of the lumbneals 
and mterossei to oppose the contraction The forearm in sea ere 
eases is flexed and pronated The fingers can be extended if the 
wrist is full) flexed, but on extending it the fing^s forcibl) flex 
again The condition reaches a maximum ten to fcuentj weeks 
after the injury Full) developed cases arc not overlooked, but the 
mild cases ma) be very readil) missed Thev come up some time 
after the injur) , usuall) to a different doctor, and with no story 
suggestive of mjositis The) arc confused with nerve lesions, 
contracture ot the palmar fascia, tenos) nov itis, and contractions of 
the fingers Careful histor) taking and examination should suggest 
the cause 

Pathology The pathological pecuharit) which characterises 
mjositis fibrosa is the contraction of the fibrous tissue which forms 
m the muscles affected It is lughl) probable that this is due to some 
unusual trophic disturbance of the muscle as similar contractions 
ma) be seen in other vasomotor disturb mces It is theoretical!) 
possible that tins change ma) be produced b) either venous obstruc- 
tion or arterial occlusion, and it would seem that this is the onl) 
possible explanation of tilt divergent views expressed as to its 
fetiolog) 

Brools theory This theor), of old standing, states that the 
obstruction is venous in origin, and was based on experimental work 
It was found that the blocking of the arterv to a muscle alone pro 
duced no contracture That the blocking of arter) and vein were 
equall) without effect but that contraction followed the blocking of 
the rein alone Further support was lent to the idea b) the fact 
that the venous return from the forearm muscles which arc most 
commonl) affected occurs through one large vein As this vein 
crossed the anti cubital fossa it was susceptible to pressure, and as 
a rise m pressure in this spice seemed to he an inevitable accompani 
ment of the condition here was a convenient explanation 

In observed oases the condition has arisen following tight 
bandaging of the inn to the chest for fractures of the clavicle, also 
m unsplmted fractures in the tlbou region Cases of prolonged use 
of the tourniquet, various crushing injuries of the forearm, rupture 
of the brachnl arter) , and, most frequent]), splinted fractures of the 
elbow region, have all gn en me to cases of contracture Assuming 
Brooks* theor) to be correct, pressure m the ante cubital fossa may 
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after the injury, and the lesion dev elops within eight to twenty- 
four hours after this, so that the primary cause in these cases wab 
the second manipulation Such reported cases are probably not 
due to the contracture being overlooked, as there was no pain 
noted in the first instance, and this is an almost inseparable accom- 
paniment of the inflammatory stage As contraction sets in after 
forty-eight hours, and such reported cases have occurred after 
intenaJs of several dns contraction would be certain to be 
established, and could hardly be overlooked 

The condition is not uncommonly seen in the leg, either as the 
result of too tight plastering, or, more commonly , following lesions 
of the upper end of the tibia, m w hicli the posterior tibial vessels are 
injured The} are peculiarly susceptible to pressure where they lie 
under the fibrous arch of the popliteus, and pierce the mterosseus 
membrane The changes are similar to those in the hand, persistent 
vascular disturbance being even more troublesome m the foot 

Treatment Prophylactic or precautionary As the condition 
is most commonly associated with lesions in the elbow region it is 
important to observe such cases for twenty four hours after treat- 
ment As pressure on either v em or artery w ill persist if the fracture 
is uhreduced, early reduction is important in all cases This can 
usually be done by manipulation, which should be the minimal 
necessary, to avoid further damage and haemorrhage Retention 
should also be the minimal necessary A plaster slab bound on 
with a gauze bandage is sufficient, the elbow being maintained at 
right angles, as acute flexion is liable to produce pressure Morphia 
should not be given as it may mask the pain, which is an important 
premonitory symptom, and the pulse and circulation should be 
regularly observed The patient is better in bed to avoid the 
increased swelling due to a dependant arm 

Traumatic swelling and oedema will not as a rule cause trouble 
if there is room for the swelling to occur, but if the arm is tightly 
splinted, or acutely flexed, the swelling may cause pressure, first on 
the veins and then on the artencs, with, m severe cases, the total 
obstruction of the circulation of the limb Before such a condition 
is arrived at, however, the signs of threatening myositis fibrosa will 
have occurred 

In the threatening stage All apparatus must be removed at once, 
and the situation considered If the fracture has not been reduced 
tliis is done at once and the progress observed afterward If 
possible the arm is placed in Zeno’s position (Fig 248), and held there 
with a plaster slab and o.shng, or a wire through the olecranon If 
the fracture has been reduced the limb is similarly suspended It w 
then carefully w atched and if within one and a h ilf hours no change 
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is noted in tlio condition of the circulation tlio fn«m ol the forearm 
is inched nnd the low* r third of the brachial artery explore d The 
incision, 0 niche** long, lie ** ov<r the muscle group nnd the artery 
Spurting vessilsnn* tieel nnd the Mound drained nnd lightly sutured 
Ihe arm is then slung up ill Zeno's position 'J he fracture is not 
exposed during this procedure if po^ihk 

The developed condition 'J he treatment of tins is not tlio 
province of this hook, 1ml m the i other csw s c mi must he taken to 
prevent contraction occurring by adequate splintage /, lhis is host 
done by mcorponting a frame of Cranur Mire in plaster so that it 
overhangs the dorsum of the hand 1 rom this the fingers are 
suspended In strings nnd a small volar pad The spring of the 
Cramer vvjrc exerts n continued pull on the fingers nnd this can be 
tightened daily by rcty mg the suspensory tapes Early contraction 
can be counteracted In this method nnd old contraction to some 
degree corrected As the damaged muscles do not regenerate there 
is no possibility of the return of function, but the fingers arc much 
more useful if they arc not excessively flexed (Fig 37) 

Ultimate outlool In early eases which are rapidly relieved by 
the removal, of splints the outlook is good In slight cases the 
disability is not very crippling In severe cases, especially with 
nerve complications, the outlook is poor, and in the established 
case there is little hope of improvement, some diminution m flexion 
of the fingers is nil that operative interference other than muscle 
transplants produces 

Acute Traumatic Bony Atrophy 

Following the immobilisation of any limb there is a certain 
degree of decalcification of the bone ns show n by the X-ray (disuse 
atrophy) In certain cases in winch the pathology is not at all clear 
this decalcification progresses at an abnormal rate It may further 
show the abnormality of being confined to a comparatively limited 
area, such as the hand It may follow a very minor lesion and be 
out of all proportion to it Sudeck, who first drew attention to the 
condition, regarded it as an inflammatory condition It is now 
regarded as a neuro-tropluc manifestation as is suggested by the 
skin changes, circulatory disturbances and impaired sensation The 
condition most commonly affects the hands and feet Tw o conditions 
are recognised as predisposing to its development, a period of partial 
vascular obstruction under a tight plaster, and multiple attempts at 
^ reduction in elderly patients Both should therefore be avoided In 
the hands there will be complaint of disproportionate pain and 
stiffness The skin will become shiny and red and susceptible to 
cold, when it turns a cyanotic blue An X ray distinguishes the 



t-IG 3li Acute bonj atrophj (Sudeck s) of the hand Note the 
concentration of the maximum rarefaction around the joints 


J“ \ -implc method of 
pre\*-iitui£, finper con 
traction Die finpcrx 
wrapped in cardboard 
are tied b\ tape> to a 
piece of ( ramer wire in 
corporated in a forearm 
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condition fiom the pure ueurofciophie manifestations The bones / 
will he found to have a mottled appearance, with marked deealcifica-\ 
tion in the regions of the joints There mil be a general decaleifi ca- 
tion of all portions of the bone in comparison with the normal mcIg 
V ariable degrees of soft tissue contraction accompany the condition, 
particularly affecting the capsular ligaments of the inter phalangeal 
joints, and in certain cases this is marked and resistant The severe 
case is very rare, but the mild case in which the bony atrophy 
progresses past the normal is not uncommon In tins latter group 
the soft tissue contraction js small, possibly only preventing full 
extension of the fingers, and with use the normal calcification is 
restored In the serious cases there is no more disappointing lesion 
to treat Recently paravertebral sympathetic block lias been 
suggested for the early case, but as the lesion is accompanied by 
vasodilatation it is not obvious how this w ould act In the absence ' 
of any other method of attack, it is however worth trying In the 
established case vitamin concentrates and calcium m the diet are 
given, together with local treatment m the form of radiant heat, 
contrast baths, massage, exercises, and electrical stimulation of the 
muscles In the less severe cases movements will return to some 
extent, but m the majority of cases the hand is crippled for life 

Joint Stiffness and Adhesions 

This is one of the most disabling conditions following fractuie, 
and one which should be more frequently avoided than is the case 
The borderline between these cases and traumatic artliritis is not 
sharp The condition may arise from 

1 Actual fracture into the joint (Traumatic arthritis later ) 

2 Bruising of the joint with no X-ray evidence of fracture 
Possibly osteochondritis dessicans later 

J Bruising and damage to peri articular structures 

4 Degeneration and fibrosis around a joint immobilised m 
treatment, particularly so if there is any previous tendency 
to arthritis 

"» Sepsis in the region of the joint 

6 Burying foreign bodies near the joint 

7 Ossifying hematomas and myositis ossificans 

8 Flare up in a joint disease due to injury or immobilisation 

9 Exccssiv e skeletal traction through a joint (p 33) 

Most of the conditions outlined above have been discussed 
elsewhere In a general discussion it is important to emphasise 
that, joints should only be fixed for a reasonable period f l his period ' 
varies with each fracture and each joint Generally speaking 
fracturts near joints should be given time to become firm before the 
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condition from the pure neurotrophic manifestations The bones 
will be found to have a mottled appearance, with marked decalcifica 
tion in the regions of the joints There will be a general decalcifica 
tion of all portions of the bone in comparison with the norm il side 
Van ible degrees of soft tissue contraction accompany the condition, 
particularly affecting the capsular ligaments of the inter phalangeal 
joints and in certain cases this is marked and resistant The seveie 
case is very rare, but the mild case in which the bony atrophy 
progresses past the normal is not uncommon In this latter group 
the soft tissue contraction is small possibly only preventing full 
extension of the fingers, and with use the normal calcification is 
restored In the serious cases there is no more disappointing lesion 
to treat Recently paravertebral sympathetic block has been 
suggested for the early case, but as the lesion is accompimed by 
v asodilatation it is not ob\ ious how this w ould act In the absence 
of any other method of attack, it is however worth trying In the 
established case vitamin concentrates and calcium in the diet aro 
given, together with local treatment m the form of radiant heat, 
contrast baths, massage, exercises, and electrical stimulation of the 
muscles In the less severe cases movements will return to some 
extent, but in the majority of cases the hand is crippled for life 

Joint Stiffness and Adhesions 

This is one of the most disabling conditions following iracture, 
and one which should be more frequently avoided than is the case 
The borderline between these cases and traumatic arthritis is not 
sharp The condition may arise from 

1 Actual fracture into the joint (Traumatic arthritis later ) 

2 Bruising of the joint with no X ray evidence ol fracture 
Possibly osteochondritis dessicans later 

3 Bruising and damage to pen articular structures 

4 Degeneration and fibrosis around a joint immobilised in 
treatment, particularly so if there is any previous tendency 
to arthritis 

5 Sepsis in the region of the joint 

6 Burying foreign bodies near the joint 

7 Ossifying hamiatomas and myositis ossificans 

8 Flare up in a joint disease due to injury or immobilisation 

9 Excessive skeletal traction through a joint (p 33) 

Most of the conditions outlined above have been discussed 
elsewhere In a general discussion it is important to emphasise 
that joints should only be fixed for a reasonable period This period * 
vanes with each fracture and each joint Generally sptakjng 
fractures near joints should hi given time to become firm before the 
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Pic 18 Early traumatic arthritis of tho elbow, 
following fracture of the head of tho radius 
showing lipping of the sigmoid notch, small 
loose body in the joint, and larcfaction of the 
capitellum 


3 Arthritis develop 
mg m joints which are 
some distance from the 
fracture due to altera- 
tion m the lines of force 
passing through the 
joint from mal union 
of the fracture Such 
arthritis may occur m 
the opposite lower hmb 
to that injured from 
tlie cxcessiv e use of the 
uninjured limb in an 
attempt to protect the' 
injured one Such cases 
aie really an osteo- 
arthritis from excessive 
strain 

The condition i s 
usually a low grade 
chrome inflammatory 
one without of course 
any bacteiial basis, the 


pathology resembling that of monaiticulor osteoarthnt s It is 
accompanied b> pain and swelling, and progressive deterioration of 
the joint with loss of cartilage, flaking and eburnation of bone, and 
later the formation of osteophytes Any of the factors mentioned 
in the aetiology of adhesions may be an associated or primary cause 
of the condition It is commonly found m the hip after fractures 
of the neck of the femur, and m the elbow and knee after fractures 


/ 

\ 


into the joint 

The condition is in general relieved by rest and aggravated by 
exercise Patients with arthritic lesions elsewhere are particularly 
prone to develop the condition, and it may be difficult to decide if 
it is the original arthritis or tho accident which is more to bhmc 
for the condition These cases are unsuitable for any buv palliative 
physiotherapeutic treatment or if severe for some radical surgical 
interference 

The ami of treatment is to av oid the dev elopment of the condition, 
which once dev eloped shows a strong tendency to progress, even if 
the original cause is remov td 1 hus if v displaced head of the radius 
left i n Aitu, and gives rise to a traumatic arthritis, its late removal 
13 csult ill very kttle improvement in the condition Early 

aia ^ r , , _ the complication is indicated No one was more 
removal to avoiu 


isistent on the need for perfect reduction to a\oid this complies* 
on than Arbuthnot Lane, and time has proved his contention 
'obt traumatic strain from inalunion is most important in the loner 
mb, where the disturbance of the line of transmission of the bod>- 
, eight throw a unequal strains on either side of a joint This may 
pply to the leg imohcd, or to the opposite leg, which may bo 
ubjcctcd to strain to balance the affected limb Where a joint is 
n\ohed m damage the subsequent traumatic arthritis develops as 
. result of frictional strain as well of mtra articular strains The 
inportancc of perfect reduction of fractures in the vicinity of all 
omts, and of any fracture of the lower limb, is thus a strong argu- 
nent for the use of open operate c methods of reduction m fractures 
Treatment In carl} eases this may bo diflicult to decide If the 
leforimty is gross, operatno restoration of the normal may bo 
ittempted In the }oung this is obwousl} dcsiriblc, but in the old, 
‘Specially if the deformity has been established an} length of time, 
i certain amount of adaptation has occurred and a fresh alignment 
nerel} substitutes a fresh senes of strains for the old Often palha- 
ii\e measures arc all that can he prescribed, such as firm bandaging 
ir the wearing of a moulded support A course of ph} siotherapy 
na} gne s} mptomatic relief Tho possibility of temporary relief 
md improvement b} manipulation must be Kept in mind 

In well established cases the treatment is similar to that of osteo- 
arthritis Pallmtiic measures like massage and other forms of 
ph} siotherap} arc used, together with a support to the joint such as 
a calliper or knee cage If this docs not relieve the patient recourse 
must be had to cup arthroplasty , osteotomy to alter lines of strain or 
arthrodesis 


(Edema and Vascular Disturbances 
Following the removal of any plaster which has been worn for a 
week or more there is a reactionary oedema, particularly in tho lower 
limb, which vanes with the age of the patient, tho type of plaster 
and the lesion Such an oedema limits the movement and use of the 
limb leading to stiffness of joints, and requires to be controlled This 
is best done by applying some form of elastic stocking to the limb 
immediately after removal of the plaster and before the swelling has 
time to occur It will be necessary to keep this stocking on for 
approximately half the length of time the jilaster w as w orn Unna’s 
paste, elastoplast, or “ Viscopaste ” bandages are suitable for long 
cases, and crcjie bandages for milder and shorter cases 

In contradistinction to this group of patients m whom tlieie is a 
controllable ajdema, usually of the lower limb and lasting only for a 
snort time, while the vascular tone returns to normal, there is a larex 
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but more troublesome group of persistent oedemas These may be 
secondary to a number of causes 

1 Deep thrombosis of the tibial veins during treatment 

2 Extensive subcutaneous scarring with diminished venous 
return 

3 Chronic lymphangitis from an attack of streptococcal lymph- 
angitis (“ Wound erysipelas ”) 

4 Vasomotor disturbances of an unexplained type, sometimes 
associated with nerve lesions, but occurring m their absence and 
often following comparatively trivial injuries, e g , sprains 

These forms may be distinguished from the “ physiological types 
by their persistence, the failure of the cedema to subside with rest, or 
elevation of the part, its localised site m certain cases, the firm 
resistant quality of the cedema, and the occasional obvious retiology 
Peep thrombosis of the tibia! veins may be demonstrated by a 
venogram, and is followed by the development of varicose veins The 
treatment of these is unwise while the deeper veins remain blocked 
Where lymphatics are blocked and there is extensive scarring, full 
thickness grafts of skin and subcutaneous tissues (tubed pedicle 
grafts of flaps), may restore normal lymphatic and venous channels 
Vasomotor disturbances being of uncertain pathology are naturally 
the most unsatisfactory to treat The localised forms may be 
treated b> regular weekly infiltrations with novocame, and physio 
therapeutic measures to improve vascular tone, contrast baths, 
short wave therapy The more generalised forms, affecting the 
whole limb, or the distal portion of it, may respond to sympathetic 
block, or to sympathectomy This group remains both the most 
unsatisfactory and the most interesting on account of their mdeter 
inmate nature 


Nephrolithiasis 

The development of renal stone in cases recumbent for a long 
period has been obserr ed for many years It is due to a combination 
of defective renal drainage from the position, and the decalcification 
of the skeleton due to disuse This decalcification is greatly increased 
by sepsis m the neighbourhood of the bone, or m the bone itself, 
and this is an important factor in the -etiology In 90 per cent 
of cases the stones are of calcium phosphate, and the chief factors 
m their formation seem to be physico chemical rather than infective, 
as renal infection is uncommon m the early stages of their develop- 
ment The calculus is discovered by X ray, usually accidentally, 
a film of the spine, or from in attack of renal colic when the 
nitient mov os in the bed 

^ To avoid this development patients who are to be recumbent for 
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i long period should be given fluids frctlj, and turned regularly 
,n bed to get complete drainage of the renal pelvis The urinary 
reaction may bo altered for a period now and then by a courso o£ 
sodium citrate, or phosphate In likely cases the renal tract should 
bo w atched by X raj s 

Wien developed a number will be found to absorb on assuming 
the upright posture Others may continue to develop or produce 
symptoms which will demand their surgical removal 
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CHAPTER. VII 


- THE TREATMENT OF WOUNDS 

Apart from compound fractures w ounds are commonly associated 
with fractures, and the two must often be treated simultaneously 
The assurance of primary union in a wound is always important, 
and doubly so if the wound communicates with a fracture A 
detailed description of the treatment of wounds is thus not only a 
part of the description of the treatment of compound fractures, but 
it is deemed sufficiently important to merit a chapter to itself 

The history of the treatment of wounds from the da} s when pus 
was “laudable ” to the dajs when it became “ damnable ” is the 
history of surgery itself Medical superstition first shows the 
impact of common sense observation with Ambrose Fare’s descrip- 
tion of the improved condition of the soldiers whose wounds he had 
been unable to cauterise From this time on w e can trace a gradual 
development of modem principles, first one man grasping one aspect* 
of treatment, and making a name for hunself, only to be forgotten 
as another achieves successful results by his discovery of another 
important principle The synthesis of a completely rational outlook 
on the subject has thus been the product of man} mmds, in which 
few stand out as milestones With the discovery of bactena b> 
Pasteur, and the development of antisepsis by Lister, we approach 
the era in which the JOJ-t-J 8 wir was fought The objectat this time 
was the elimination of bactena by the use of antiseptic media 
Wounds as a result were treated by the introduction of a solid and 
persistent antiseptic such as BIPP or an attempt to keep them 
clean was made b} continuous irrigation as in the Carrel-Dakm 
method The frequent dressings emplo}ed were distressing to 
patients and nurses alike, and the tired and exhausted faces of the 
patients contrasted marked!} with the odourous but cheerful and 
trolley-free w ards of the modern fracture unit 

The change is not so much to be attributed to the end of the 
antiseptic era as to the end of a campaign for the recognition of the 
defensn c pon trs of the bod} when aided to the utmost by surgical 
abilit} To tins has been added the new weapon of chemotherapy, 
which gives just the little time longer for the bod} to organise its 
defences, which m at make all the difference in the loss of life or the 
loss of a limb, in the severe!} wounded The essential principles 
Temaui the same whether chemotherapy is used or not, and will not 
be altered by the addition of pcnicilhn to the armour} Each point 
m technique is directed tow ards reducing the available nutrient 
material for bactena, and assuring that the wound cavit} is lined 
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with viable tells among which no pocketing or pressure on retained 
products can de\clop The principles concerned will bo pointed by 
the discussion of their practical application, but maj be theoretically 
set out as follows 

1 Time The stabilisation of the defences of a wound occurs in 

thirty si\ to fortj eight hours After this tune any interference w lth 
a wound which is at all extensive may open up new paths for tho 
spread of infection Bacterial infection is lowest immediately after 
the infliction of a wound, and it therefore follows that this is the best 
tune for surgical treatment, and with increasing delay it becomes 
less and less propitious, till when defence and infection aro balanced 
it becomes unwise * 

2 Reduction o* bictekiil multiplication Tho avoidance 
of further soiling of the wound is merely common sense Tfie more 
subtle part of surgical technique is tho deprivation of the bacteria 
of any nutrient media For this reason the soiled w alls of the w ound 
are excised and damaged tissues removed Hannostasis must bo 
perfect, for clotted blood becomes a fine breeding ground, and 
excessive moisture is to be avoided as being equally necessary to 
bacterial reproduction 

3 Avoidance of bacterial sprevd The spread of organisms 
is aided by the movement of tissue planes on each other preventing 
a fixed line of granulation tissue defence being formed The pressure 
of retamed products and the re infection of the w ound w ith fresh 
strains of organisms may also bo important For this reason wounds 
in which infection is likely to develop must not be closed, but lightly 
packed and enclosed in a plaster cast 

Wounds fall into tw o great classes, those in winch closure of the 
skin is possible and those in which it is impossible In the latter 
group, excluding those cases in which immediate skin grafting can 
be employed, there is no alternative but to leave the wound open 
Although infection will follow, when treated by tho closed plaster 
method and early skin grafting the result will m the end be highly 
satisfactory 

The group of cases in which the skm can be closed may provide 
controversial material It is obvious that this is the ideal to aim at 
and is the correct line of treatment m a clean wound seen and 
treated early In a contused wound seen some hours later, or in a 
compound fracture with marked muscle damage, it may be unwise 
This group of cases may therefore be subdivided into — 

1 Those m which primary closure is safe and should be carried out 

S 2 Those m which it is unwise owing to the risk of infection, such 

cases being treated by the closed plaster method, with light packing 
of the wound 
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The practical points which are determined by these principles , 
will now be discussed \ 

1 Time The time factor already mentioned must be enlarged 
upon The earlier the treatment of a wound under surgical condi- 
tions the better, but it has been found that treatment can be earned 
out with benefit many hours after the infliction of the wound The 
absolute limit of time at which it can be earned out cannot be 
stated, but is somewhere between thirty-six and forty-eight hours 
Joints, whose importance meats complete treatment, are very 
resistant to infection and show a satisfactory response to adequate 
debridement, suture of the synovial membrane and drainage down 
to the suture line, twenty-four to thirty hours after wound infliction 
The use of chemotherapy has been m part responsible for the ability 
to interfere effectively later than was thought wise before A wound ^ 
adequately treated with penicillin and sulphonamide in a patient *> 
who has had adequate parenteral chemotherapy, will be less seriously 
infected on amval at the theatre, and a wound more seriously infected 
will be given a breathing space after excision in which to organise its 
defences In dirty, late, untreated wounds treatment is limited to 
removal of foreign bodies and the excision of dead tissue to improve 
drainage Local and general chemotherapy are then continued 

2 Antiseptics The application of any chemical substance or 
solution other than normal saline, or small quantities of the chemo- 
therapeutic drugs, to the walls of a wound which is to be sutured is 
to be condemned They can do nothing but harm If watery, they 
increase the oedema of the tissues, which absorb water, if 
hyperosmotic, such as spirit or iodine, they are equally dangerous 
to the cells by dehydration On the surfaces of a wound to be 
excised they are less open to objection Iodine is a useful antiseptic ~y 
for the skin, but in the wound it must be used sparingly The use of 

a moist swab dnppmg with iodine is to be avoided, but a well wrung 
out swab has the advantage of d) emg the damaged tissues a deep 
brown while viable tissue remains a pale jellow The use of a 
“ frosting ” of Bulphonamides and penicillin on the wound surface is 
not strictly to be compared to the use of an antiseptic 

3 Dryness In order to combat the development of bacteria 
which flourish in a moist medium it is advantageous to keep the w ound 
as dry as possible under all circumstances It is further important 
ui encouraging clotting This fundamental will be referred to again, 
but it is placed here on account of its importance, and that an 
early paragraph may be used to cry out against the prevalent 
nractice of soaking a w ound as soon as it is seen in a solution of < 
aenflavine, sabne or w ater This can do nothing but harm Firstly, 

it washes more dirt as a rule into the w ound than out of it Secondly, 
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it results in the death of the living cells on the surface of the Mound, 
which absorb the water by osmosis and burst their cell membranes 
Further absorption m the wound makes it ccdcmatous and this 
favours bicttrnl multiplication To these points may bo added tho 
washing away of tho blood which is bactericidal for a Bhort tune, and 
the increase in blood loss if tho water is warm, and so dilates tho 
blood vessels If strong antiseptics arc used tho damage may bo 
more serious All these points nro potent arguments against the use 
of water in any form near a fresh wound, and it will bo found that 
a casualty department working on tho dry principle will reduce the 
incidence of infected lacerations by 30 to 40 per cent 

A wound when freshly seen should have any very gross dirt 
w iped away from it by dry gauze, and then have a dry gauze dressing 
applied to it till the case can bo taken to a theatro and the correct 
treatment instituted Should the 
wound be haemorrhaging seriously a 
tourniquet may be applied, or the 
\ essel caught w ith forceps if it can bo 
seen, or the pressure of the dressing 
may be rcbed upon to stop it 

4 Preparation* points The use 
of a clean set of dissecting instru- 
ments for every major wound is essen- 
tial and for every minor one desirable 
The disturbance of the patient by 
transfer to the ward, from stretcher 
to bed, undressing, bed to stretcher, Fia 39 Cleaning up a wound 
and finally stretcher to theatro table STC 

IS best avoided by sending the patient cleaned away from tho edges 
to the theatre at once, and utdmng mth “ *"“ b 

the anaesthetic room as resuscitation 

ward With larger numbers of injured the use of a multi bedded 
resuscitation ward amply proves its value The preparation of the 
skm for operation, and the final removal of clothes can often best 
be done under the operation anaesthetic Under certain circum- 
stances it may be desirable to use a small injection of pentothal m 
the ward if there is to be much pain or disturbance of the patient 
A separate preparation trolley should bo available containing a 
bowl of ether soap, a bowl of methyl-ether if the contamination is 
greasy, a bowl of sterile saline, iodine or spirit Shaving the skm 
is unnecessary unless the part is particularly hairy Even in the 
r scalp close clipping is satisfactory The wound is then packed with 
sterile swabs (Fig 39) and the surrounding area of skm cleaned, 
wiping away from the wound Soap is first used, this is washed off 
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with water or saline and the skm then dried A final application of , 
spirit or iodine completes the preparation The wound swabs pre l s 
vent contamination of the wound with the washings and the exuda- 
tion of blood which makes cleaning impossible At the end of the 
skin toilet the sw abs are replaced by fresh ones and the limb wrapped 
in a sterile tow el In many cases an Esmarch’s bandage, by produc- 
ing complete hsemostasis, facilitates the identification of injured 



Fig 40 W ith a roll of gauze still 
in position the skin almost up to 
the edges of the wound is painted 
with iodine Small blebs are 
raised in the si in with local 
an-v&thetic and then the edges 
of the wound infiltrated by rnjec 
tions along the lines indicated by 
the arrows 



whole nound may be scabbed 
with iodine The area is 
towelled Tho shaded area 
indicates the margin of skin 
on tho edge of the wound 
which is excised 


tissues, and their accurate debridement After cleaning the wound 
it js released and haemostasis assumed The surgeon then scrubs up 
preparatory to the complete excision of the wound The towelling 
off of the area is completed and the rtmo; al of the sw ab is the first 
step before commencing 

3 Loci l *vesthesj k For most small wounds this is very 
satisfactory It is howeter a time consuming method far multiple 
injuries and is contraindicated in wounds in which chemotherapy 
is subsequently to be used The length of time added to the operation 
must be weighed against its useful effects on shock 

Local* Technique With a fine hypodermic gringo weals aio 
raised on the lodmed skm } to 1 inch from the wound edge, at spots 
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appropriate to the infiltration of the edges of the wound Novo- 
came, L to 2 per cent , is satisfactory , and it is better not to add 
adrenalin to it Excess local anaesthesia entering the tissue spaces 
washes out of the wound, but this is washing the debris m the right 
direction, out of the wound Under no circumstances is the needle 
entered into the tissues through tho wound surface In spite of the 
increased water content of the tissues near the wound local an esthetic 
does not make the wound sodden as there is no cell destruction and 
it is rapidly absorbed No ndverse influence on healing can bo 
detected Tho wound surface is now anaesthetised, and if desired 
it can be lightly painted with iodine before towelling tho wound up 
preparatory' to excision 

0 Excision OF TllL W OUN D This commences at the skin 
edge, winch is removed for a distance of ^ to £ inch all round, 
avoiding making small indentations, so tlmt a smooth clean edge is 
left In most areas, particularly the scalp, this can best be done 
with tho knife, but m certain areas where the skm is fine the scissors 
will be most useful Where possible tho incision will bo earned 
through the subcutaneous fat to the fascia, so that the w hole soiled 
surface of tho skin and subcutaneous fat is excised at once 

Loose tags of fibrous tissue, tendon, and muscle will be seen and 
excised, till all the tissues seen have a fresh and clean appearance 
In perforating wounds it will be necessary to enlarge the skin wound 
to allow it to be explored to the bottom This is essential to avoid 
leaving foreign bodies m the depths of the wound 

7 Avoidance of buried foreign bodies Not only must no 
debris be left in the depths of the wound, but it is advisable not to 
leave any catgut or other suture material buried in the wound 
unless it is absolutely necessary This can usually be a\ oided, unless 
a large vessel is cut, by the judicious use of deep silkworm tension 
sutures Tendons, maw ound w Inch cannot be closed or is likely to 
become infected, are best left to a set operation when the wound has 
healed and merely tacked down to avoid retraction In clean w ounds 
nerves and tendons should be sutured In w ounds which are to be 
left open they may be tacked down to avoid retraction Risk of 
damage to nerves from excessive local use of sulphamlamido should 
he remembered 

8 Hematoma Tins must be reduced to the minimum possible 
by the careful suture of the wound, m which deep tension sutures 
will play an important part Where it is impossible to stop oozing 
a small drain must be placed in the w ound The choice of the site for 

r drainage must depend on the shape of tilt laceration, the most 
^dependent point, and the site of tho laceiation It is not always 
wise to dram through the wound itself, and a small punctilio wound 



74 


COMPLETE OUTLINE OF FRACTURES 


at a chosen spot: in a skin flap is often more satisfactory Where 
' only a small amount of oozing is expected a few strands of folded 
silkworm gut will be a sufficient drain For larger drainage some 
rubber dam may be used Such drains should be removed at the end 
of twenty-four hours 

9 StrcwrN'G Of the many ma terials suitable for suture the most 
satisfactory will be found to be silkworm gut, stainless steel wire, 
or waxed thread Such sutures are strong, non absorbable, but 
above all, non absorbent, and do not carry moisture and with it 
infection from the surface into the deeper tissues 

It is extremely important that the skin edges be brought as closely 
together as possible, that the blood ma\ clot between them rapidly 
and so seal the deeper layers of the skin off One of the most 
satisfactory sutures for doing this is a mattress suture passed deeply 
through the tissues on either side and then back through the shin 
edges and tied Such a suture obliterates any space which ma) be 
present in the tissues by pressure and at the same time brings the 
skin edges accurately together, while skgbtlv everting them, so that 
there isno infolding and accurate apposition is possible It alsoreheves 
the shin edge of strain and exerts sufficient 
pressure on the subcuticular vessels to control 
hemorrhage The appropriate number of 
these stitches for a w ound \ aries with the type 
and site of the wound No fixed distance can 
be given, the number being determined by the 
readiness with which the skin is approximated, 
and sufficient being inserted to get the accurate 
apposition required. In between the mattress 
suture a few smaller stitches are placed to 
bring the skin edges into still more complete 
apposition Suturing under any great tension 
is to be avoided The relaxed position of the 
hmb, undercutting the flaps, and appropriate 
incisions may make the union of the skin 
easier When the w ound is sutured it is dried 
well with a swab wrung out in spirit, and a 
dressing of dr) gauze applied to it and 
bandaged on The use of an air-tight dressing 
such as strapping comph tely covering the 
wound is to be condemned as it keeps the wound moist Strips of 
strapping over gauze have not this objection There is not always 
the necessity for a bandage dressing, but it helps to control oozing 
and absorbs the discharge which occurs m the first few hours In 
small wounds this is unnecessary and sticking one or two lajtrs 



Flo 42 The finished 
sulunng showing the 
everted sUi edges 
A Deep retention 
and approxunat 
mg sutures 
B Finer suture for 
close approsuna 
tion of the skin 
edges 
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of gauze o\cr the wound with tinct Benzoin Co is sufficient If 
a bandage is used it should be removed in four to si\ hours and the 
wound left exposed to tho air 

10 Absolute rest In order to avoid disturbance of tho tissuo 
spaces which are being repaired, and the formation of fresh 
hscinatomas in tho wound, absolute rest is essential Inadequate 
fixation is useless, and it will bo found that in the majority of 
cases onl> plaster gives that immobilisation which is necessary 
This absolute immobilisation docs not need to be maintained for 
more than forty-eight to seventy-two hours as a rule If the wound 
is dry and satisfactor\ at the end 


of this period then some move- 
ment may be allowed, but if there 
is any suspicion of infection or 
moisture it is kept at absolute 
rest 

A further important point is 
the av oidancc of sw ellmg This is 
best done by clevatioh of the 
part An injured leg is rested on a 
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Fig 43 Diagrammatic 6ection of 
the sutured wound 
A Fine approximating suture 
B Deep mattress suture for 
retention and haemostasis 
C Hematoma 

D Small blood s cs&el controlled 
by the mattress suture 
E Muscle 
F Fascial sheath 
G Subcutaneous fat 
H Skin 



Fio 44 F added wire finger splint 
bandaged in position to lm 
mobilise tho fourth finger 
after a compound fracture of 
tho terminal phalanx (See 
tig 102) 


Braun’s splint in bed Arm injuries if mild may be merely kept 
recumbent, but if there is a serious lesion of the forearm Zeno’s 
position should be used (Fig 248 ) 
p 11 Fresh air to the wound It is essential for sound clotting 
on the skin that the blood poured out ho able to lose some of its 
water content The necessity for a dressing for the first hour or two 
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has been emphasised, but after this the wound is best exposed to 
the air If the limb is in plaster, a window may be cut, but plaster 
being porous allows very satisfactory circulation of air, and unless 
the discharge is profuse, windowing is unnecessary Under no 
circumstances should an airtight dressing be applied as may easily 
be done if strapping is not carefully used Oily dressings should 
never be used if primary union is anticipated This, of course, 
applies only to wounds which can be closed 

If these comparatively simple rules are followed it will he found 
that the number of septic wounds m any casualty clinic is greatly 
reduced with a corresponding absence of stiff fingers, granulating 



Fig 43 The correct method of applying strapping dressings to provide 
\ entilation A = Gauze B = Strapping 

wounds, and persistent sepsis, which wastes so much of the tune 
of a casualty staff 


Chemotherapy 

The opportunities provided by the w lr hav e enabled the chemo- 
therapeutic agents to establish themselves on a rational basis m 
much less time than many equally revolutionary innovations They 
have been viewed by some as a return to the era of antisepsis, but 
their action is far more subtle than the sledge hammer blows of 
mercury or carbolic 

Sulphona nudes The sulphonamzdes are more bacteriostatic than 
bactericidal, delaying by the deprivation ofp-ammo benzoic acid the 
reproduction of the organisms in the tissues and so allowing tune for 
the deployment of the forces of defence The chemical structure of 
the sulphonanndes resembles that of p amino-benzoic acid The 
enzyme group m the bacterium responsible for the absorption of the 
ammo acid attaches itself to the useless sulphonanude and its activity 
ceases Unfortunately the organisms have a greater affinity for the 
n ammo-benzoic acid and the sulphonanude to be effcctiv e must bo 
present in far greater concentration than the amino acid Thus I 
part of}) ammo benzoic acid requires 1 600 parts of sulphamhimde, 
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30 parts of bulphftthmzolo, or 100 parts of sulplmguanidinc to 
neutralise it It follows from tins that tlio question of the availa- 
bility of the drug in the infected tissues is of paramount importance 
to its effectiveness, and questions of local application, solubility and 
rate of excretion of the drug have to bo considered Certain sub- 
stances have also been found to inhibit the action of the drug Of 
these there are two it is necessary to mention 1 The presence of 
pus and necrotic tissue arc inhibiting and the effects in established 
and inadequately incised wounds will bo less than in the freshly 
excised wound 2 Other chemicals containing the p amuur benzoic 
acid group may form a source of supply neutralising the action of 
the drug Of these the local an esthetic Known as “ novocainc ” or 
“ procaine ” and by many' other proprietary names is an example 
It follows that tho use of this anesthetic in wounds subsequently to 
be treated with sulphonainidc is contradictory, if not absolutely 
contra indicated 

Two other situations in which it is undesirable to use sulphon- 
amides should be mentioned here In wounds of the cerebral tissues 
it produces irritation with subsequent scarring and risk of epilepti- 
form conv ulsions, and should not be used In wounds with exposed 
nerves it is similarly deleterious, producing an interruption of the 
nerve path, with subsequent mtraneural fibrosis and permanent 
nerv e damage 

Speci/ic action The greater effectiveness of certain of the 
sulphonaimdes against certain organisms is probably due to tho 
achievement of more effective concentrations, due to different 
pbysico chemical properties rather than to any specificity between 
any organism and the drug Tlius the greater solubility of sulphaml- 
amide renders it useful in fresh wounds where immediate effective 
concentrations can be obtained At the same time tho rapid absorp- 
tion reduces its time of action Sulphatluazole, which has a greater 
bacteriostatic power, is less soluble and may bo used with sulphanil- 
amide to prolong the action of the drugs against the organisms A 
proportion of three parts of sulphanilamido to one of sulphatluazole 
1S ^commended This should be done up in sterile containers and 
be available in the theatre, where it is lightly “frosted ” over the 
wound surfaces with a blower or dusted through gauze on to tho 
wound Under no circumstances should lumps of tho powder bo 
left in the wound or the wound actually packed with the drug Tho 
total amount used m a large wound should not be great, but m any 
case should not exceed 15 grams It is convenient to have the drug 
► weighed out in tins amount in each container Caro must also bo 
taken that the rise in blood sulphonanudc which follows six hours 
after its implantation into the wound must not be followed too soon 
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by the me from the oral administration of the drug, otherwise a 
dangerous level may be reached Maintenance of an adequate level 
of the drug m the blood is essential as there is some evidence that 
micro organisms may become drug resistant if exposed to low 
concentrations 

The wide range of organisms encountered in infected wounds (see 
p 93) makes the non specificity of the sulphonamides important 
Were they more specific the difficulty m establishing the appropriate 
drug might be troublesome Nevertheless some specificity is present 
Sulphamlamide is more potent against haemolytic streptococcal 
infections than any other member of the group, and much less effec- 
tive against staphylococci than sulphathiazole Hence the value of 
the combined use of the drugs If one drug is to be used alone 
sulphathiazole should be chosen The non-haemolytic streptococci^ 
are as a rule insensitive to the sulphonamides, and when encountered 'j 
as the chief element in an infection must be submitted to a sensitivity 
test m vitro A course of treatment may be begun in the meantime, 
as it can do no harm The relatively lower anti bacterial effect on 
the staphylococci than on other orgamsms has been the weak spot 
in the chemotherapeutic armour, now, it is hoped, happily covered 
by the discovery of penicillin, which is almost specific in its action 
against these organisms 

Dosage The attamment of an effective concentration of the drug 
in the blood may be rapid or slow , according to the urgency of the 
case In severe infections a blood concentration of 6-7 mgms is 
aimed at In milder conditions 3-5 mgms is satisfactory These 
are roughly achieved by the dosages set out below Havmg achieved 
the right level it is maintained by a senes of reduced doses Pro- 
longed administration of the drug is dangerous, and to avoid this it -y 
is important that the total amount to be given in grams should be 
written on the temperature chart, together with the day the course 
will end The amount given daily is also written in grams (not in 
tablets, which normally contain half a gram) 

Severe infections Dosage is commenced w ith the administration 
of 2-4 grams intravenously and 1 5 grams by mouth Maintenance 
doses are given on the following days — 

First and second days, 1 5 gms four-hourly 
Third and fourth days, 1 gm four-hourly 
Fifth and 6tli days, 1 gm six -hourly Total, 44 gms 
Jllilder infections Dosage is started by the oral administration 
of 2 gms , followed by — 

Fust and second days, 1 gm four hourly *. 

Third and fourth days, 1 gm six hourly v 

Fourth and fifth day s, 1 gm eight hourly Total, 28 gms 
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For tho children tho dosage may ho calculated by multiplying 
the adult dosage yr, remembering that tho joung tolerate tho drug 

very well, and that nt the ages of ono to threo tho doso should bo 
doubled 

To\ic bf actions Serious toxic reactions aro uncommon Tho 
c\ vnosis produced bj tho formation of mcthaunoglobin or sulph- 
humoglobm may bo disregarded Vomiting is an annoying com- 
plication, rendering e\ en dosago difficult It may be met by reducing 
the dosage, or combining it w lth alkalies, or by changing tho typo 
of sulphonamido used In serious cases a change from oral to mtra- 
\enous or intramuscular administration may bo made Druo 
fe\er may be confusing if not recognised It occurs during or just 
after tho administration of tho drug, usually about tho eighth 
day As this often corresponds to tho cessation of a course 
of treatment, tho rise may bo confused with a recurrence of infection 
The withdraw 1 of the drug produces a dramatic fall m temperature 
Lucopenia A mild degree of this is not uncommon, and tho uso 
of the drug nullifies to some extent the \aluo of tho white blood 
count Senous lcucopema, * e , below 2,500 w b c ’s, is rare but very 
important Premonitory signs may bo lassitude, pyrexia, and an 
ulcerativ e pharyngitis Renal colic This may be easily produced 
if an adequate fluid intake is not insisted on Four to six pints daily 
should accompany tho taking of the drug Hjematuria and anuria 
are less frequent if more serious complications 

Penicillin The discov ery of pemcilhn by Sir Alexander Fleming 
ui 1929, is one of tho most dramatic chapters of modem medical 
history If its discovery was the flash of genius, its re discovery and 
svaluation by Sir Howard Florey and his co workers represents the 
more patient side of medical research Its peculiar effectiveness 
against the staphylococcus and the clostndia make it an invaluable 
ally against infection of wounds, particularly the compound fracture 
Its freedom from toxic side effects is particularly helpful Its use 
has rendered some surgical re onentation necessary with regard to 
osteomyelitis, and infected w ounds, and this is not yet complete The 
drug is readily tolerated, but as readily excreted, and difficulty is met 
with in maintaining an adequate concentration in the blood It is 
unsuitable for oral administration and has to be given by intra- 
muscular or intravenous routes Systemic administration may bo 
combined with local application as in the case of the sulphonamides 
Tho drug comes as a dry brown powder, soluble in w ater or normal 
saline Packed in glass ampoules it can be stored at low temperatures 
for some tune without deterioration In solution kept at 1-4° C 
it can be kept four daj s 
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Three forms of Penicillin are at present available — 

(1) Barium Penicillin Used as the standardising agent 

(2) Sodium Penicillin Used for intravenous and intramuscular 

administration 

(3) Calcium Penicillin Used for pow ders and ointments as it 

does not deliquesce and is more stable 
It is unsuitable for intravenous and 
intramuscular use, being irritating 

In general, the drug acts as a bacteriostatic agent on the Gram- 
positive organisms A wound effectively treated with the drug will 
thus show a Gram-negative flora 
Sensitive Organisms 
Staphylococcus , aureus, albus 
Streptococcus, hasmolyticus 
Streptococcus, pyogenes 
Clostridia Welchu Clostridia 

Clostridia CEdematiens > of 

Clostridia Septique J Gas Gangrene 
Clostridia Tetani 
Bacillus Anthrax, etc 

Complications from treatment are rare as the drug is non toxic 
There is a tendency to \enous thrombosis when the intravenous 
route is employed Pam may be complained of after intramuscular 
injection Fever is occasionally due to impurities Urticani is the 
only mild toxie reaction at present noted 

Modes of adviDsistr \tion 1 Ponder form Tins has been 
applied to wound surfaces m the same manner as sulphonamides, 
with which it may be conveniently combined The penicillin being 
in concentrated form is spread more evenly by the dilution of the < 
other powder Dosage varies according to the size of the wound up 
to 200,000 units * 

2 Local application of the solution Very satisfactory results 
have been achieved by this method The penicillin is made up m a 
strength of 250 units per c c of normal saline, and the wound 
irrigated by tubes buried under light pachmg in the depths of the 
wound after the maimer of tho Carrel-Dakm method (p 99) 
Wounds involving bone and heavily infected with stajihylococcus 
aureus heal rapidly' No reduction in sequestration is to be expected 
in fresh wounds, but more rapid localisation of infection miy restrict 
spread to decrease secondary bone involvement 

* The drug not being clinically pure h standardised according to its effect on *• 

organism of known typo and \ irulcnce and its effect expressed in units of activ ity 
Do»ea of equal un*t *alue may therefore not be equal in site and its unit \alm> w ,|j 
alter with da age 


Insensitive Organisms 
Streptococcus Viridanfl 
Proteus 
Pyocyaneus 
Bacillus Cob 
Streptococcus Fsecahs, 
etc 
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3 With an ointment Combined mth lanolme, and if desired, 
bulplnthiazole, in quantities of 500 units per gram Useful for burns 
and plaster dermatitis 

4 Continuous intiamu ocular drip The rapidity of excretion 
renders dosago by intramuscular injection unsatisfactory, ns the 
serum le\cl falls below tho cflcctne minimum before the next 
injection unless these arc unpleasantly frequent Continuous intra- 
muscular drip cither subpcctorally or into the thigh is most satis- 
factory A dosage of 4,000 to 0,000 units an hour ls required, and 
this is made up m normal salmc, 100,000 units or more in GOO c c 
of salmc Administered accurately at tho rate of 5-8 drops per 
minute this amount will prowdo accurate dosage for a day 

If tho interrupted intramuscular route ls adopted, 20,000 to 
30,000 units arc given cxcry three hours At longer intervals the 
blood concentration falls below an effective level if the dosage is not 
much increased To save tho patient discomfort, and to avoid 
wasting the tune of the staff, a little more than double the three- 
hourly dosage may be given six hourly — (50-100,000 units) 

o Intra articular The drug appears slowly m tho synovial 
fluid after parenteral administration and requires a higher blood- 
level to maintain an effective concentration Where there is risk of 
joint infection eg, from neighbouring osteomyelitis or from 
penetrating wounds, local injection into the joint is the most rapid 
and cffectiv e w ay of treating the case Sodium Penicillin* is em- 
ployed in varying amounts For the knee 50,000-100,000 units 
in 10 c c of normal saline is a suitable dose Its duration in the 
jomt is not accurately known, being affected by the presence of 
blood, fractures into the joint, whether or not the synovial fluid is 
increasing and the like, but it remains for at least twenty four 
hours Daily re instillations ire therefore satisfactory 

A course of treatment by any route lasts several days to four 
weeks It is varied in length and strength according to the clinical 
condition of the patient Thus it may be given for forty eight hours 
after a wound and discontinued if there is no rise in temperature In 
the presence of infection it should be continued longer, but its 
effectiveness is much reduced in a granulating wound, and once an 
effective localisation of the infection has occurred, may be dis- 
continued and recommenced when any interference is contemplated 
One of its most valuable advantages js the reduced risk of a flare 
of infection after any early attack on an infected bone, its facilitation 
of secondary suture, and skin grafting There is much to be said 
' c hmcally and bactenologically for interrupting the course with an 
occasional day’s rest It relieves the patient, allows assessment of 
* In crystalline form 
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the patient’s condition without a bacteriostatic, and as penicillin 
attacks young forms of bacilli, may by permitting fission of older 
organisms aid its effectiveness At the end of a course the drug is 
discontinued and the results assessed Another course may, if 
desired, be commenced after a short interval Causes of failure may 
be (1) Inadequate dosage, (2) Insufficiently frequent dosage , (3) 
Non-susceptible organisms , (4) Old and inactn e penicillin , (5) 
Failure to reach the site of infection with the penicillin 

Effects of Penicillin Either combined with sulphonamide or 
used alone the drug will not prevent infection of a w ound It Will 
alter the bacterial flora, and tip the balance in some infected wounds 
towards primary union, while the serious sequelae are diminished The 
percentage of cases suitable for early secondary suture is far higher m 
cases treated with penicillin, due to an absence of serious infection It 
is an adjunct to good wound surgery but does not replace it The 
drug may be used as a prophylactic in the later treatment of the 
wounded when fresh dressings or operation is required, eg, a 
secondary amputation, in the hope of reducing the complications 
One hundred thousand units are then given m the twenty four hours 
before operation and continued for two days or more afterwards 
In chronic osteomyelitis the drug is extremely useful m healing 
old wounds with a heavy staphylococcal infection It is then used 
locally as an imgant and may be combined with systemic adminis- 
tration In staphylococcal septicxmia it may ho hfe-s&vmg in 
massive doses No serious complications have been reported from 
its administration in large quantities In grafting its use on the 
granulating surface results m a disappearance of the Gram-positive 
organisms and an increased percentage of “ takes ,f 

Profiavme This is i member of the acridine compounds, of 
which the most familiar is acriflavine Acriflavme has achieved 
little success, but the application of profiavme in solid form seems 
to hold distinct possibilities and has been proved successful m the 
treatment of chronic wound sepsis Applied in large amounts to a 
wound the substance produces necrosis, it therefore has to bo used 
carefully, and a combination with sulphathiazole of one part to 100, 
provided adequate dilution with the reinforcement of the sulphon- 
amide The value of the drug lies in its slow solubility, local concen- 
trations of proflavine remaining in the tissues for some time Such 
a powder is used in an analogous way to that described for the 
sulphathiazole suiphandamide mixture 

Prop vmidd* e This has similar actions to proflavine and its 
specific uses have not yet been worked out It appears to bo bene* 
ficiai in the treatment of tubercular abscesses and is effective m 
chrome infections 
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Stuei*tom\ riN" While this is specifically designed for attack on 
the tubercle bacillus, it exerts remarkable effects when applied 
locally to chronically infected wounds, such as \uncose ulcers It 
may thus pros c \ aluable in the chronically infected traumatic w ound 

Chemotherapy in Wounds 

Prophylactic The immediate dusting of the itcsli wound with 
the combination of sulplionamidc and sulplmthmzole recommended, 
is good first aid treatment, and if a\ ailablc should be applied under the 
first or “ shell ” dressing The limit of 15 gms previously mentioned 
should bo obser\cd Tho introduction of the powder into the 
depths of tho wound is impossible under first aid conditions and 
should not be attempted For this reason, and in an attempt to 
reach tho depths of tho w ound, the oral administration of the drug 
to tho freshly wounded has been employed Tins method can be 
used as a less desirable altcmatne 

Combined powders Tiio use of powdered calcium penicillin m 
wounds is rendered difficult by its concentration and rapid absorp- 
tion To prevent this tho drug has been enclosed in a semi-permeable 
membrane to allow slow diffusion More convenient and logical, 
however, is its use mixed with a powder of tho sulphonanude group , 
dilution of the penicillin and combined action against organisms is 
thus obtamed 

Common combinations used are — 

(1) Sulphatluazolc, 1 gra , penicillin, 5,000 units 

(2) Sulphatluazolc, 1 gm , penicillin, 5,000 umts , proflavine, 
1 per cent 

(3) Sulphanilamide, 3 gms , sulphathiazole, I gm , penicillin, 
20,000 units 

Curatue After excision of a wound tho sterile powder should be 
scattered over the surface of the wound to produce a light “ frost- 
mg ” The wound may then be sutured, or packing and the “ closed 
plaster ” method of treatment may be proceeded with In general, 
under battle conditions, tho latter is the safer procedure Where 
the risk of infection is considered high, local application should ho 
supplemented by oral administration Care should be taken that 
the oral administration of sulphonamido should not be commenced 
till the peak of absorption from the wound is on tho decline, i e , after 
six hours Tho \alue of the drugs in avoiding infection altogether, 
or in reducing the seriousness of infection, lias been commented on 
before Thus it enables amputation ui tho presence of sepsis to bo 
carried out more safely and at a low er level 

Treatment of granulating surfaces Tho powdering of the 
surface of a granulating w ound with a sulphonamido penicillin mix- 
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the patient’s condition without a bacteriostatic, and as pemcilhr 
attacks young forms of bacilli, may by permitting fission of older 
organisms aid its effectiveness At the end of a course the drug is 
discontinued and the results assessed Another course may, il 
desired, be commenced after a short interval Causes of failure may 
be (1) Inadequate dosage , (2) Insufficiently frequent dosage , (3) 
Non susceptible organisms , (4) Old and inactive penicillin , (5J 
Failure to reach the site of infection with the penicillin 

Effects of Penicillin Either combined with sulphonamide oi 
used alone the drug will not prevent infection of a wound It wdi 
alter the bacterial flora, and tip the balance in some infected wounds 
towards primary union, while the serious sequelse are diminished The 
percentage of cases suitable for early secondary suture is far higher m 
cases treated with penicillin, due to an absence of serious infection It 
is an adjunct to good wound surgery but does not replace it The 
drug may be used as a prophylactic in the later treatment of the 
wounded when fresh dressings or operation is required, eg , a 
secondary amputation, m the hope of reducing the complications 
One hundred thousand units are then given m the twenty four hours 
before operation and continued for two days or more afterwards 
In chronic osteomy ehfcis the drug is extremely useful in healing 
old wounds with a heavy staphylococcal infection It is then used 
locally as an irrigant and may be combined with systemio adminis- 
tration In staphylococcal septicsemia it may be life saving m 
massive doses No serious complications have been reported from 
its administration m large quantities Jn grafting its use on the 
granulating surface results m a disappearance of the Gram positive 
organisms and an increased percentage of “ takes ” 

Proflavine This is a member of the acridine compounds, of 
which the most familiar is acnflavme Acriflavine has achieved 
little success, but the application of proflavine in solid form seems 
to hold distinct possibilities and has been proved successful in the 
treatment of chronic wound sepsis Applied in large amounts to a 
wound the substance produces necrosis, it therefore has to be used 
carefully, and a combination with sulphathiazole of one part to 100, 
provided adequate dilution with the reinforcement of the sulphon- 
amide The v alue of the drug lies in its slow solubility, local concen- 
trations of proflavine remaining m the tissues for some time Such 
a powder is used in an analogous way to that described for the 
sulphathiazole sulphamlamide mixture 

Propamidine This has similar actions to proflavine and its 
specific uses have not yet been worked out It appears to bo bene- 
ficial m the treatment of tubercular abscesses and is effective m 
chronic infections 
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Stufxto vi\ cxn While this is specifically designed for attack on 
the tubercle bacillus, it exerts remarkable e fleets when applied 
locally to chronically infected wounds, such as varicose ulcers It 
may thus prov e v nhmble in the chronically infected traumatic wound 

Chemotherapy in Wounds 

Prophylactic The immediate dusting of the flesh wound with 
the combination of sulplionamidc and nulplmthiazolc recommended, 
is good first auUrcatmcnt, and if av adablc should bo applied under the 
first or “ shell ” dressing The limit of 13 gins previously mentioned 
should bo obserxed Tho introduction of the powder into the 
depths of tho wound is impossible under first aid conditions and 
should not bo attempted For this reason, and in an attempt to 
reach tho depths of tho wound, tho oral administration of the drug 
to tho freshly wounded lias been employed This method can be 
used as a less desirable alternate e 

Combined powders The use of powdered calcium penicillin m 
wounds js rendered difficult by its concentration and rapid absorp- 
tion To prev ent this the drug lias been enclosed in a senu-permeable 
membrane to allow slow diffusion More convenient and logical, 
however, is its use mixed with a powder of the sulplionamidc group , 
dilution of tho penicillin and combined action against organisms is 
thus obtained 

Common combinations used are — 

(1) Sulphathiazole, 1 gin , penicillin, 5,000 umts 

(2) Sulphathiazole, I gin , penicillin, 5,000 umts , proflavine, 
1 per cent 

(3) Sulphamlanude, 3 gins , sulphathiazole, 1 gin , penicillin, 
20,000 units 

Curatue After excision of a wound the sterile powder should be 
scattered over the surface of the wound to produce a light “frost- 
ing ” The wound may then be sutured, or packing and tho “ closed 
plaster ” method of treatment may be proceeded with In general, 
under battle conditions, the latter is the safer procedure Where 
the risk of infection is considered high, local application should bo 
supplemented by oral administration Care should be taken that 
the oral administration of sulphonamide should not be commenced 
till the peak of absorption from the wound is on the decline, i e , after 
six hours The value of the drugs in avoiding infection altogether, 
or in reducing tho seriousness of infection, has been commented on 
before Thus it enables amputation m the presence of sepsis to bo 
earned out more safely and at a lower level 

Treatment of granulating- surfaces The powdering of tho 
surface of a granulating wound with a sulphonamide penicillin mix- 
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ture for fi\e or six days will reduce the number of organisms present 
very considerably and so facilitate secondary suture of the w ound or 
skin graftmg It is most conveniently applied direct to the wound by 
insufflation and the whole covered by tulle gras and moist gauze 
The use of chemotherapy m the treatment of gas gangrene is 
described on p 103 The common association of bums and fractures 
demands that attention be drawn here 
to the value of a sulphamlamide penicillin 
cream in the treatment of burns It may 
be conveniently applied and the whole 
limb encased in plaster, a combination 
impossible with other methods 
Pio 40 Powder insufflator for The treatment of abrasions There 
sulphonamido or penwiUin are two types of abrasion, firstly the 
sulphonamide mixtures excomted t yp e , m , Uuch an area 0 f 

superficial epithelial loss is furrowed by incomplete lacerations 
of the epidermis due to gravel and the like, and secondly the 
superficial type, in which tho lesion is a smooth loss of epithelium 
resembling a second degree burn It is important to eradicate dirt 
from such abrasions particularly on the fact as it may be incor- 
porated in the akin as a tattoo 

The first type is an exceedingly difficult type to clear up, requiring 
a superficial debridement combined with a number of excisions of 
small wounds The second type is more readily cleaned up by the 
use of swabs w 1 11 wrung out m saline For large areas an anaesthetic 
of some land will be necessary After satisfactory cleamng up in 
small areas a toat of preliminary coagulant is given, such as iodine, 
or tmet Benzoin Co The important treatment, however, is the 
after-treatment The area is left open to the air under a heat 
cradle, or in the vicinity of a radiant heat bulb Under these 
conditions there is rapid drying of the surface serous exudate, 
producing a layer similar to that produced by tannic acid on 
burns Thi3 lay er is resistant to infection but has the disadvantage 
common to tanning that once infection has commenced it offers 
such resistance to its discharge that the infection tracks underneath 
it For this reason it is advisable to aim at as thin a layer of 
inspissated serum as possible, and this is obtained by using iodine 
or dilute tmet Benzoin Co to commence with, and only making 
one application The use of any moist compress over such an area 
usually destroy s any chance of healing by primary intention For 
jar^e areas of abrasion the treatment must resemble that of a bum 
After gentle cleanmg with saline penicillin cream, or penicillin, 
sulphonamide powder and “ tulle gras ’ are applied and bandaged 
firmly on Systemic pemcilhn is continued Any infection of the 
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area will need u change o\ er to hot saline compresses applied over the 
“ tulle gras”, several times a daj, and with a dry dressing at night 
The “tulle gras” is changed once a day only 

The treatment of large areas of skin loss Tins frequently presents 
a difficult problem Where it is associated with gross damngo to 
muscle and hone, and any possibility of covering the lesion with 
flaps is excluded, the limb may be enclosed in plaster after packing 
the wound with gauze, ns described in the next chapter Where the 
skm is stripped cleanly from the fascia of the limb, as is often seen 
m run over accidents due to the abrasion of the tyre, there is a 
temptation to stitch the skin back and hope for its survival, m spite 
of its doubtful vitality Under theso circumstances tho skm should 
be cut aw ay until bleeding occurs from the skin edge, and pressure 
on the margin of the flap shows some capillary response These 
edges are then lightly stitched in position to the fascia The rest 
of the raw area may be covered with Thiersch graft at once, if the 
patient is in fit condition, or jf not the wound may be packed with 
“ tulle gras ” bound on under even pressure, obtained by packing 
the area with plcglets of cotton wool wrung out in liquid paraffin 
Such a dressuig may be left undisturbed for several days in the 
absence of any reaction of the patient At tho end of four to 
ten dajs the area is grafted As an intermediate dressing for such 
areas gauze dipped in eusol and wrung out in paraffin is satisfactory 
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CHAPTER VIII 

THE TREATMENT OF COMPOUND FRACTURES 


Historical The compound fracture has been the occasional result of 
accident and the inev itable result of war srnco gunpowder was invented The 
pecular seventy of the gunshot wound led to the suspicion that the bullet 
was poisoned, and when this was proved incorrect, to a still firmer grip on 
the public mind, of the superstitions with which the formation of pus, morti 
fication and gangrene were surrounded The role of Ambrose Pare (1510-90), 
who started the long work of clearing the dead weight of mediffival superstition 
from the shoulders of the experimentalist, is interesting reading m his own 
words The process is nearly complete It is interesting however to note 
the general reluctance of the public to leave a wound to nature Ever} one 
has their ointment or lotion guaranteed to heal better than their neighbours s 
The popularity of the new chemotherapoutic agents is as much duo to the 
fact that a magic remedy is available as to their proved clinical value 

The great strides in the treatment of compound fractures are not due to 
the sudden discovery of new principles Excision of wounds was practised 
centuries ago, and was well described by Charles Bell 100 jears ago, plaster 
is still more antiquated The developments are due to a slow discovery that 
the powers of nature, w hen giv en ideal conditions to work under, are enormous, 
and can be relied upon as a defence mechanism This attitude is the result 
of the work of ph} Biologist, surgeon and bacteriologist, who have produced 
a continuous picture of wound pathology Outstanding names in this stoiy 
are few or many according to the wish of the selector It is perhaps easier to 
fix a few dates marking progress than to attempt any anal} sis of credit 
1744-95 P J Desault Surgeon to the Hotel Diou m Paris at the 
time of the French Revolution He thus gamed considerable experience in 
trauma and was responsible for advances in the treatment of fractures and 
wounds His most important contribution was his insistence on the debndo 
ment of wounds, which though lacking a scientific basis till the work of 
Pasteur proved so successful that it was widely adopted 

J76&-1842 D J Labrey He gamed his experience as a pupil of Desault, 
and as surgeon to Napoleon who loft 100 000 francs to “ Larrey, the most 
virtuousman I have ever known ’’ A humanitarian, beloved by his men, ho 
sought to bring the wounded treatment as earl} as possible, and to this end 
developed the use of ambulances taking tho hospital to the wounded So 
efficient was his organisation that m tho Egyptian Campaign he was ablo to 
boast that no patient remained more than fifteen minutes without attention 
He thus earned on the tradition of excision and appreciated the value of 
early treatment In addition, he made observations on the value of maggots 
in wounds, tho onset of gas gangrene and trench foot 

1822-95 B Pasteub The work of Pasteur and his followers has pro 
vided the rational basis on which tho patbolog} and treatment of wounds is 
based The son of a soldier in Napoleon s army now settled as a tanner m tho 
Jura Pasteur started life in a humble fashion Tho tml of his researches 
starting with ciystallography and progressing through fermentation spon 
taneous generation, diseases of wine and beer diseases of silkworms to human 
disease is one of the most moving m medical history Rarely has such affec 
tion for humanity, courage and devotion been combined with such intellectual 
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power anil achievement AfTectoil b> a stroko in tlio Inst jeora of liw life, 
Pasteur died the most honoured “ layman ” in tlio profession 

1843-1010 Kocit llio work of Pastour was ably seconded by Robert 
Koch, who m 1870 was nblo to desenbo tho comploto lifo history of tho anthrax 
bacillus In 1878, Ins paper on infectious diseasos of wounds np|>cared, m 
which ho described tho clinical mid bacti no logical findings in in foot ions with 
six difTinnt t)pt« of micro organisms 

1827-1912 J Listlii Following Pasteur’s researches, List or on August 
12th, 1SC5, carried out tlio fint successful opomtion on a compound fracture 
by Ins “antiseptic” method fins was dependent entirely on tho uso of 
carbolic acid Libter paid groat attention to tho t> po of dressing used (doublo 
cj arudo gauzo is a relic of Ins work), and tho arguments which grow around 
them, and his priority in tho uso of carbolic, would ha\o ombittorod a man 
of loss nobihtj of character 

1914-18 First \\ ORLD War This was still tho ora of antisepsis Wound 
excision had boon lost sight of, and tho surgical tragedies of tho first six 
months of tho war necessitated a revision of tcclmiquo Excision was ro dis 
covorod, anil its earl} success led to tho attempt of univorsal primary suturo 
This produced a second crop of tragedies, and was responsible for tho dovolop 
ment of tho Carrel Dakui mothoils, and otlior loss successful ideas such as tho 
bismuth lodmo paraffin paste, known as Bipp Robort Jonos, by insisting 
on tho unmodiato immobilisation of tho limb on a Thomas’ splint, ro empha 
sisod tho principle of carlj triatment and rest Lorenz Btihlor, as tho result 
of his experiences During tho war, dovolopod tho prmciplo of excision, com 
pleto rest, and tho windowing of tho plastor over tho wound Thus wounds 
lay in a bath of pus, but this was not disturbed moro than nocosaary Ho thus 
approached closely to tho “ closod plaster ” method Bdhlors* chief contri 
but ion to tho surgeiy of fractures is, however, rogardod as tho development of 
mechanical methods of reduction and tho organisation and segregation of 
fracture cases Bohlcr first proved that this had an economic as well as a 
therapeutic v aluo and so laid tho foundation stono of all accident hospitals 
1929 Winnett Orr, as a rosult of his exponenco with ostoomyohtis 
which ho successfully treated by pack and immobilisation in plaster, applied 
- *be same principles to tho treatment of infected compound fractures with groat 
success Tho infrequency of dressing, tho comfort of tho patient, and tho 
satisfactory progress were impressive It was not long before it was used as 
an immediate line of treatment for compound fractures with impressive results 
In England, after Orr s visit in 1930, the method made little progress, probably 
because of tho difficulty of evaluating any method without individual export 
enco of largo numbers of cases 

1933 First reports of the value of the sulphonamides began to appear 
m Germany In 1935 its value was experimentally assessed in England 
against puerperal sepsis, and since then there has been a steady increase in 
numbers of tho sulplionamide family synthesised and their use 

1936-39 Tho Spanish War provided the first large field for tlio use of 
new methods J Triteta, who had been working with this technique in civil 
surgery with good results slowly popularised the method which became known 
as the Closod plaster method ” His efforts in this country at tho outbreak 
of tho present war were largely rosponsiblo for the dissemination of tho funda 
fr mental principles underlying tho method, and tho insistence that it was no 
simple and infallible road to success but demandod qualities of experience, 
and judgment in tho surgeon of the highest order 

1939-45 Second Wored War In spite of tho experiences of tho past, 
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and the recent lessons of the Spanish War, much remained to be re learned and 
re discovered Excision was not firm!} established Abortive methods to 1 
apply the “ closed plaster ” technique without adequate debridement were 
made with disastrous results Slowly the experience gamed, coupled with a 
better organisation for the diffusion of knowledge, led to the complete evalua 
tion of methods and improvements m technique Coupled with the use of 
transfusion, intravenous salmes, and the new chemotherapeutic agents, a 
survival rate unexampled in previous wars was achieved 

1940 but Howard Flore x decided to investigate afresh the properties of 
the available antibiotics Unknown, Penicillin was lying to hand, having been 
discovered by Sir Alexander Fleming m 1929, following the accidental con 
lamination of a petn dish containing staphloeocci with the mould A re 
examination of its promising properties was undertaken, which established its 
enormous clinical value With Britain fully extended, it was impossible to set 
aside the necessary machinery and manpower for its preparation Its first 
commercial manufacture was thus begun in America Neither it nor the 
sulphonanudes affect the standard principles of wound treatment The best 1, 
they do, and it is much, is to modify the method chiefly with regard to the time 
factor, and the risks of its application 

Thl principles of treatment of compound fractures are exactly 
similar to those outlined for the treatment of wounds of the soft 
tissues It is merely necessary to analyse the cordpli cations added 
to a wound by the fracture of a bone to complete a discussion of 
compound fractures The added complexities are as follows — 

1 Increased shock, with greater depth of wound, and increased 
soft tissue damage 

2 Loss of rigidity of the limb This is the most important feature 
and leads to several secondary complications There is first a loss 
of fixity of soft tissue planes which results in spread of infection by 
the exposure of new planes to infection on movement Drainage is 
also impaired Secondly there is the necessity for fixing the fracture, 
which modifies, and usually complicates the fixation of the soft 
tissues 

3 Sepsis is more frequent due to the factors outlined and the 
susceptibility of bone to infection is greater, due to its slow mobilisa- 
tion of defence 

4 Persistence of infection Due to the slow changes in bone the 
soft tissues are apt to overcome infection first and fibrose down with 
the formation of sinuses and the retention of sequestra 

5 Adhesions of soft tissues From the functional point of view 
this is most important and is the bugbear of all traumatic work It 
is particularly troublesome if infection persists 

The same considerations of time of shock, and of suture govern 
a compound fracture as govern a large wound, and will not be 
repeated here The treatment of the various structures met with in 
excision may be sumansed as follows — 
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Skin and subcutaneous tissues Excision of the contaminated 
* surfaces of these tissues down to the level of the fascia, avoiding 
excessive removal of skin, and leaving a regular clean edge 

.Fascia aiul fibrous tissue Removal of all loose tags Whero the 
fascia is soiled an attempt maj be made to clean it and if this fails it 
must bo excised One must often weigh the chance of spread of 
infection by removal of a fascial barrier against the chance of infec- 
tion by leaving soiled tissues More important is tho barrier offered 
by fascial planes to efficient drainage in the vtound u Inch is left open 
It is often safer to divide tho fascia transversely where this risk 
exists, so that retraction of tho ends offers a w ide path of escape for 
exudates Ail essential part of excision is incision to allow free 
drainage and sauccnsation of tho w ound No fear must bo felt of a 
. w ide and free opening of nil tissue spaces 

Muscle All seriously bruised muscle must bo removed, and all 
loose portions, so that fresh living cells only remain 

Tendons All loose tags are cleared up Tho answer to the vexed 
question of tendon suture is dependent on the risk of mfection of the 
w ound The importance of tho tendon has also to be considered In 
a laceration tendons should certainly be sutured In a contused 
wound tho tendons should be sutured to an underlying structure 
to avoid the subsequent retraction which may make secondary 
suture impossible Fine stainless steel wire is the most satisfactory 
suture material where infection is not anticipated 

Meries Nerve ends are freshened and sutured together by the 
nerve sheath with a fuv fine silk sutures 

Blood tessels These are caught early and left clamped if possible 
during the rest of the operation At the end of the operation they 
r are tied if necessary Large vessels must obviously be tied, and 
this may be done at once 

Bone Only the soiled surfaces are removed by the use of the 
nibbling forceps or the chisel and hammer , tins normally applies 
to the soiled sharp ends of bone only Small fragments of bone are 
removed if they are severed from all soft tissue connection Largo 
fragments are always retained as there is a definite risk of non union 
if a large gap is left between the bone ends Even if completely 
detached they may act as bone grafts in a clean wound In an 
infected wound they may also lead to some new bone formation 
around them before being thrown off as sequestra 

In general, all non-viable tissue is removed and an attempt made 
without the sacrifice of living tissue to make the w ound a flat and 
f shallow one into which the gauze can bo easily packed if the wound 
is to be left open If it is to be sutured these considerations do not 
iold There is no objection to draining a sutured w ound for twenty - 
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four to forty eight hours, and where there is much bleeding from 
bone ends this is often desirable 

Compound fractures fall into two great groups — 

(A) Those which can be completely closed, as the skin loss 
is negligible This is ideal but may not be desirable, as m the case 
of war wounds of any seventy Accordingly these may be divided 
into 

1 Those in which closure and primary union is aimed at 

2 Those in which the wound is left open 

(B) Those which cannot be closed due to loss of skin This 
loss may be accepted and the wound left open, or the wound may be 
covered by a skin graft or flap, or by appropriate incision the w ound 
over the bone may be closed, and a wound m a less important area 
left open 

1 Those m which the wound is covered leaving a raw area at 

some distance from the fracture 

2 Those m which the wound is packed and left open 

We may discuss a few important points concerning these in more 
detail 

Wounds with primary closure The opportunity is provided 
here for the first and last time of obtaining perfect reduction under 
visual control, and great care should be taken to make sure that 
reduction is satisfactory and retention sound It is undesirable to 
re manipulate a compound fracture within fourteen days of its 
infliction, as infection which was localised may be spread Should a 
compound fracture be met with healing by primary union with the 
bones in mal-position correction by gradual methods such as traction 
may be undertaken, but it is often safer not to disturb them until 
four to six weeks when they maybe reset by a secondary operation 

Absolute fixation of the soft tissues and the bone is essential and 
is best provided by the application of plaster, or by plaster and 
skeletal traction The use of internal fixation m the “ clean ” com- 
pound fracture is not to be forgotten (p 123) The use of traction 
for reduction may be necessary, but continuous traction alone plays 
no part in the immobilisation of a compound fracture It does not 
provide sufficient lateral stability and tenses tissue planes m an 
undesirable manner Fixation by the incorporation of the wire or 
pm in the plaster is preferable to continuous traction in compound 
fractures 

j Vtndomng the ])Ui&Ur There are certain objections to this, 
notably the tendency of the tissues to prolapse through the opening 
if there is any swelling of the limb In wounds adequately excised 
with adequate luemostasis there should be little a wetting as all 
products can dram away Observation of the wound is unnecessary. 
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( as the general condition ot‘ the patient is a sufficient guide to it 
* Where a dram has been inserted a window may be incompletely cut 
through the plaster and completed at the time tho dram is removed 
Plaster being porous allows wounds to dr> under it satisfactorily, 
though it is undesirable o\ cr largo raw areas 

Absolute rest of the whole part and tho elevation of the limb to 
avoid swelling are important To obtain this the patient is usually 
best m bed, with the lower limb placed on a Braun’s splint The 
upper limb may be placed on an abduction splint, or attached 
to a lateral bod frame as shown m Chapter XXI 

Sutures Tho most useful material is provided by stainless steel 
wire which, because of its uniform strength and easy tj mg, enables 
hair-hno sutures of wounds to bo quickly and accurately earned out 
They have tho adv antage of holding if onlj a single knot is tied when 
tissues are not under tension On tho face this fact may be used to 
lightly approximate tissues which may become mfected On the 
face sutures should bo removed as soon as possible to avoid scarring, 
and as tho healing of the face, hands and scalp is rapid this can 
usually be earned out before the fifth day Under no circumstances 
should suturing be carried out under excessive tension, and on the 
face the tissues should bo merely gently laid together. There is no 
objection to leaving skin sutures below a plaster for several weeks 
It is usually conv ement to romov e tho sutures 
at the end of the second week when tho sub- 
sidence of swelling of tho limb usually compels 
re plaster 

Compound fractures in which the wound is 
closed by secondary measures A classical if minor 
T example of this is the use of a whole thickness 
pinch graft in cases of partial amputation of the 
terminal phalanx, where preservation of length is 
important Having completed a neat guillotine 
amputation through the pulp, and after adequate 
haemostasis a fat free pinch graft is sewn over the 
raw area (Fig 47) Such grafts do remarkably 
well m most cases and not only save length of 
finger, but avoid the unpleasant consequences of 
infection 

In serious accidents time cannot be spent in 
placing large grafts over raw areas, but in small 
accidents, particularly involving the hand, this r 

f a ys has to be borne in mind The immediate ^thicUness" pinch 
placing of the hand under an abdominal flap graft applied to tho 
may be of tremendous value in av oidmg subse 0 t li 'P gcr of 
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quent contracture The important area to be covered is the area 
over the fracture, and in the leg the subcutaneous surface of the\ 
tibia may be covered by the skin of the calf mobilised by a posterior 
incision The raw area left may be covered later with Thiersch grafts 

Closed plaster method In open compound fractures in which 
infection is to be expected, or m w hich the wound cannot be closed, 
firm immobilisation and free drainage under plaster is the safest and 
most satisfactory method of dealing with the case Care is taken 
that no pockets liable to infection are left, and, in particular, fascial 
barriers which tend to close so rapidly, if incised longitudinally, 
are incised widely m a transverse direction The skin wound 
and that in the superficial fascia are extended widely so that when 
the wound is lightly packed there is no question of the wound being 
plugged Dependent drainage is provided as far as possible This 
is of particular importance in the thigh 

Having excised the damiged tissue, saucensed the wound and 
controlled the hemorrhage, the wound surfaces are lightlj “ frosted ” 
with a mixed powder (see p 83) and then packed hghtly 
(“ with the firmness you would hold a lady’s hand on greeting her ”) 
to the surface level with gauze The packing holds thef surfaces of 
the wound w idely but hghtly apart The v alue of impregnating the 
gauze with vaselme and other substances has been maintained by 
many observers, but in practice the profuse discharge which arises 
soon impregnates the material with pus and nullifies the value of 
most added drugs Experiments with gauze containing penicillin, 
or special bacterial flora to reduce odour have jet to be completed 
Of more v alue is the covering of the skm in the immediate viemitj 
of the wound with vaseline gauze which prevents it becoming water- 
logged, and the seat of follicular abscesses from its enforced bath m 
pus The whole hmb is then placed in a hghtly padded or non- 
padded plaster, making sure that the immobilisation of the hmb is 
complete In all places but the thigh this is easily accomplished In 
correctly excised wounds no danger should arise from enclosing the 
limb m a complete plaster, as the haemorrhage and oedema which 
produce dangerous pressure in the closed fracture should be reduced 
by the excision and hav e an opportunitj to escape into the plaster 

The value of the gauze pack is fourfold — 

(а) It steadies and closes up tissue planes enabling rapid adhesions 
to be formed 

(б) It exerts an cv en pressure on the walls of the wound prevent- 
ing their prolapse and the pocketing of material, and the develop 
ment of cedema It also reacts in an unknown manner on the local' 
circulation which responds much more satisfactorily under light 
pressure 
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(c) It adsorbs and absorbs discharges which work their way 
readily to the surface without undue pressure, and aids at first m the 
control of capillary haemorrhage 

(d) It prevents the loss of heat and moisture from the wound 
surface and gross soiling of the wound from external organisms 

Under these conditions the wound is rapidly lined with granula- 
tion tissue, effectively localising infection to the surface of the wound 
Considerable discharge is produced and the plaster is rapidly soiled 
The activity of stprophytic organisms m the pus produces an 
unpleasant odour which is the only objectionable feature of the 
method It is most satisfactorily combated by enclosing the plaster 
in an air tight bag The material composing the bag is of little 
importance As a general rule, the development of a ripe odour 
corresponds to a full development of granulation tissue and indicates 
the moment for redressing the wound and reducing the amount of 
packing 

Organisms Nothing is more remarkable than the variety of 
organisms which can be cultured from below a plaster, varying from 
the most innocent saprophyte to the most virulent coccus, and each 
apparently interfering little with each other and less with the 
patient The material available is an ideal breeding ground for 
organisms, and the success of the method is the organisation of the 
defences before heavy growth of organisms occurs, hence the value 
of the bacteriostatic effect of chemotherapy Organisms commonly 
met with under plaster are — 

Staph Albus 'j May be present m the early stages 

Diphtheroids X m a wound which will heal by 

Micrococci J primary union 

Staph Aureus 

Strep Hcsmolyttcus (Pyogenes) 

Aerobic 

Strep Hcemolyltcus (Pyogenes) 

Anaerobic 
Strep Vtridans 

Present without invasion and sen- 
Cl Welch it ous effects, or together and 

Cl (Edetnahens acting symbiotically, often with 

Cl Sepltque the Streptococcus hcemolyhcus , in 

gas gangrene 

Proteus Vulgaris 1 

f p 5 -fyocyaneus Saprophytes and contaminants 

A £^° rescens appearing and disappearing 

Ct Bijermentans from the pus 

Enterococci 


Responsible for serious infections, 
the streptococcus m particular 
because of its invasive powers 
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The source of infection in most cases is soiling of the wound at the ' 
time of injury with outside organisms, or organisms from the skm of) 
the patient Air-borne contamination from naso pharyngeal secre- 
tions should be guarded against by only opening the wound after it 
has been covered under theatre conditions Change of dressing and 
of plaster should similarly be made under aseptic ritual and not m the 
general ward if it can be avoided, though once a w ell-developed 
granulation tissue surface is dev eloped cross infection is as a rule of 
no serious significance 

Pobt operative course Nothing is more satisfactory than the post 
operative course of a patient progressing normally under closed 
plaster treatment His temperature may be raised for the first 
three days even as high as 104 degrees, but his general condition 
remains satisfactory, that is to say, his tongue is clean, he has a fair, 
appetite, sleeps soundly, looks bright, and, most important, is free 
from pain Persistent pain, which is more than discomfort and is 
obviously not due to any localised pressure of the plaster, is due to 
the development of some complication, either vascular obstruction, 
the most urgent and serious condition, or the extension of an inflam- 
matory process, and steps should at once be taken to find the cause 

Complications 

Vascular obstruction The development of pressure inside 
the plaster in cases with open wounds is not common if the wound 
has been correctly excised and lightly packed, as the products of 
haemorrhage and infection escape under the plaster A complete 
plaster on an open wound is far safer than on a closed wound, where 
it should not be applied within the first twenty-four hours (Edema 
from crushmg or infection may however produce pressure, and it is 
safer if the wound cannot be continuously supervised to split the 
first plaster in a single line throughout its length Any appearance 
of congestion or cedema of the toes demands the same precaution, as 
the circulation fails slowly and irregularly , and delay may result in 
some covered portion of the limb being completely deprived of its 
blood supply 

Lymphangitis and adenitis This is due to the invasion of the 
tissues by streptococci and the initial temperature is often high The 
wound has a bright red edge which shows a firm cedema, and streaks 
of erythema run up to the nearest group of lymph glands which may 
be enlarged and tender Sulphathiazole chemotherapy is commenced 
at once, if not already being administered Free drainage is assured 
to the wound, and in the case of smaller wounds heat in the shape 
of foments may be apphed to the wound and the glands The 
condition usually settles satisfactorily, but may leave abscesses m 
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tho glands and between the superficial fascia and the skin which 
require to be opened' 

Cull litis The onset is often slower than m streptococcal 
infections, and is due to poor resistance to a mixed infection, assisted 
perhaps by pocketing and inefficient drainage Tho wound is dirt) , 
shows pale unheaUhv edges and a free mucopurulent water) dis- 
charge The tissues around the wound are tender and turgid and an 
area of superficial o.deina frequently accompanies the tracking of 
underlying pus Free drainage must be obtained by the removal of 
any sutures or p icking and tho establishment of dependent drainage 
Tho use of a window in the plaster however undesirable must often 
be necessary to maintain soft tissue fixation as far as possible and 
yet allow inspection of the wound Wounds which can be readily 
dressed and where the limb is stable may be lightly packed, covered 
with “tulle gras” and the whole covered by hot saline packs 
renewed regularly Tracking of pus is usually' due to defective 
drainage and demands opening of the track and light packing The 
wound usually settles satisfactorily with this treatment, but the 
presence of an inflammation with its added complications, such as 
increased length of treatment, severe adhesions, vascular changes 
and causalgia, may in a doubtful case tip the balance in favour of 
amputation In the cose of most compound fractures, where an 
amputation at the site of election through uninfected tissues is not 
possible, the amputation should be through the site of fracture and 
open up as little fresh tissue as possible No pockets should be left 
and the surface of the wound left wide open Occasionally amputa- 
tion through the knee or elbow, with minimal exposure of muscle 
planes, may be of v alue in minimising spread of infection 
f Uas gangrene This rare complication is described together 
with tetanus at the end of the chapter 

Later Complications 

Persistence of infection This is nearly always due to the 
development of a complication and not to the low general resistance 
°f the patient It may and often is due to defective drainage A 
compound fracture of the thigh never drams satisfactorily through 
an anterior incision, and a posterior wound for grav itational drainage 
must be provided More commonly, it is the presence of sequestra, 
easily recognised radiologically because of their excessive density, 
winch delay healing Removal of dead fragments of bone by tho 
most convenient approach through the wound is usually rapidly 
Reflective The after treatment of such a proceedure may be similar 
to the dosed plaster treatment in the beginning The clinical signs 
of sequestra, apart from delay in healing, are tho persistence of 
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The source of infection m most cases is soiling of the w ound at the 
time of injury with outside organisms, or organisms from the shin of j 
the patient Air-home contamination from naso-phaiyngeal secre 
tions should be guarded against by only opening the wound after it 
has been covered under theatre conditions Change of dressing and 
of plaster should similarly be made under aseptic ntual and not in the 
general ward if it can be avoided, though once a well -developed 
granulation tissue surface is developed cross infection is as a rule oi 
no serious significance 

Post operative course Nothing is more satisfactory than the post 
operative course of a patient progressing normally under closed 
plaster treatment His temperature may be raised for the first 
three days even as high as 104 degrees, but his general condition 
remama satisfactory, that is to say, his tongue is clean, he has a fain 
appetite, sleeps soundly, looks bright, and, most important, is free 
from pain Persistent pam, which is more than discomfort and is 
obviously not duo to any localised pressure of the plaster, is due to 
the development of some complication, either vascular obstruction, 
the most urgent and senou3 condition, or the extension of an inflam- 
matory process, and steps should at once be taken to And the cause 

Complications 

Vascular obstruction The development of pressure inside 
the plaster m cases with open wounds is not common if the wound 
has been correctly excised and hghtly packed, as the products of 
haemorrhage and infection escape under the plaster A complete 
plaster on an open wound is far safer than on a closed wound, where 
it should not be applied within the first twenty-four hours (Edema 
from crushing or infection may however produce pressure, and it is 
safer if the wound cannot be continuously supervised to split the 
first plaster in a single line throughout its length Any appearance 
of congestion or oedema of the toes demands the same precaution, as 
the circulation fails slowly and irregularly , and delay may result m 
some covered portion of the limb being completely deprived of its 
blood supply 

LvwimANGms and adenitis This is due to the invasion of the 
tissues by streptococci and the initial temperature is often high The 
wound has a bright red edge which shows a firm oedema, and streaks 
of erythema run up to the nearest group of lymph glands which may 
be enlarged and tender Sulphathiazole c hemotherapy is commenced 
at once, if not already being administered Free drainage is assured 
to the wound, and m the case of smaller wounds heat in the shape * 
of foments may be applied to the wound and the glands The 
condition usually settles satisfactorily but may leaie abscesses m 
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UN-ill. M.Tin sumioLMHMi sivlN Woim.li arc often met v,ith m 
ulnch the surrounding s],m becomes the seat of multiple follicul. 



Fig 50 Compound commi 
nuted fracture of both 
bones of the leg after 
reduction by traction and 
operative excision of the 
wound 


Fia 51 Same case as Fid 50 Sepus 
followed After a period of immobiU 
sat ion m non weight bearing plasters 
a walking iron is fitted and weight 
bearing allowed 


abscesses, is cedematous and the wound edges unhealthy Mere 
^-re plastering results in a continuation of the condition buch wounds 
often respond satisfactorily to exposure to air, which may be 
arranged by w widow mg the plaster, or the change to a skeleton form 
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sinuses, a profuse watery sero purulent discharge, and the presence 
of profuse rather cedematous and pouting granulation tissue around ' 
the wound edge After long established infection the walls of the 
w ound may become \ ery fibrous and thickened and may fail to close 
m one cavity, producing a persistence sinus Wide excision of the 




Fio 49 The Carrel Dakin method of wound irrigation Tho tubes are 
passed into the depths of the wound The skin edges are protected by 
a layer of vaseline gauze and outside this is packed cotton wool to 
absorb excess fluid It is better still »f dependent drainage allows tho 
fluid to be drained off The wound is flushed with a few cubic centi 
metres of Dakin s solution ever} two to three hours 

sinus and saucensing the wound will usually produce rapid healing 
of the wound It is particularlv m areas where there are awkward 
arrangements of tissue planes from the point of view of drainage, 
such as around the hip, that sinuses are apt to persist and may 
require rer} wide excision for their cure 
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Plaster dermatitis All varieties of irritation may bo met with 
* below a plaster from a drj eczema to an acute desquamating derma- 
titis In susceptible subjects it ma> be met w ltli below a dry plaster, 
but is more commonly met with in the presence of an infected wound 
To a\ oid irritation of tho skm the application of \ aseline gauze below 
the plaster in "closed plaster" cases is often effective A short 
period of freedom from plaster is usually tho most effective remedy 
In intractable conditions the painting of tho skm with triple d>e may 
be helpful, or tho use of sulphathiazolo powder and tulle gras covered 
by saline packs 

Wound ihrigvtion Tho Carrcl-Dakin method of treatment, 
which was developed in tho 1914-18 war, consisted in tho burial of 
tubes in the depths of the wound, held m place by sutures or light 
packing Tho tubes were flushed through every few hours with a 
neutral or nuldlj antiseptic solution such as cusol Though originat- 
ing as an extension of tho " antiseptic " methods then in vogue it had 
much success because of its adherence to tho principles of immobilisa- 
tion and freedom of disturbance of the w ound Only in a few cases is 
the removal of the discharge by this method of value, but there are 
possibibties in tho method if the irrigating substance is bacterio- 
static, as in the case of penicillin, which lias given good results m old 
standing staph} lococcal lesions Recently a revival of the method 
by the use of a watertight envelope (Bunjan Stannard) has been 
employed, primarily for burns Under certain circumstances, such 
as the combination of a bum and a fracture, it may be useful and 
may be used m cases of severe plaster dematitis Combined with 
skeletal traction, it may clear up rapidly superficial skm infections 
enabling an early graft to bo earned out, or minimising the delay 
f before plaster can be employed 

Epithelial loss Large areas of epithehal loss may delay the 
healing of a compound fracture It must never be forgotten that as 
soon as deep infection of bone or soft tissue is cleared up, and a satis- 
factory granulation tissue bed obtained, a skm graft will hurry up 
healing, and, more important, provide a better skm surface If 
subsequent procedures have to be carried out on the bone healthy 
skm over the fracture is essential, and a pedicle graft may be neces- 
sary to make the approach satisfactory Time should not be wasted 
m waiting for skin repair, but this should be encouraged by the use 
of Thiersch, chip or pedicle grafts 

Special Infections Gas Gangrene and Tetanus 
^-be risks of these infections are not particularly the risks of 
fractures, but the depth of wounds involving bone provides the ideal 
situation under which these infections develop, and so they show a 
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of splintage such as a Thomas splint It must not be forgotten that 
exposure to air and thorough -washing may be of great benefit to^ 



*ic -il Union follow slowly Flo ’>3 Final result after 

but a sequestrum de\e remov al of tho sequestrum 

lops which requires re 
mo\ al now that it is well 
demarcated 

the general health of the skin below a plaster, and a few daj s may 
be allowed for this between changes of plaster m long standing cases 
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Treatment 

Puoi’iiincTlc Tetanus toxoid Injection of 1 c c of tho toxoid, 
followed bj 2 cc in three to six weeks’ time, and 2 cc in six 
months, gives an immunity which lasts three yenrs Omission of 
the third dose reduces the immunity to one y ear’s dur ition 

For wounded piticnts antitoxin offers limited protection for 
three weeks Three thousand units .are given, followed by a further 
3,000 units m twenty one days if suspicious far tors are present The 
two methods of active and passive immunity can be practised 
together ui a fresh case if desired Anaphylactic phenomena will 
be avoided if the injection is made while the patient is under 
ether anesthesia In any' cisc adrenalin should be at hand to 
combat it 

Curvtivl The wound if draining freely' should be left alone 
Indications for treatment of the wound arc provided by general 
factors, previously' discussed, and not by the presence ot tetanus 
alone 

Antitoxin forms the basis of treatment and is giv en by all routes 
except the intrathecal When it was believed that the absorption 
of the toxin was neural, this route was thought to have advantages 
One hundred thousand units are given intravenously at once, and 
followed by maintenance doses of 20,000 units intramuscularly, or 
intravenously Over 500,000 units may be used 111 such treatment 
The effect of the antitoxin may he increased by the administration 
of light ether anaesthesia, the toxin being soluble 111 ether Ames 
thesia may enable control of the spasm to be obtained, and is a safe- 
guard against anaphylaxis This is likely to develop 111 ten days 
from the first injection, and should be guarded against by' a small 
test intradermal dose 

General treatment Sedatives are necessary to control the 
fits, and any surgical procedure must be given under some form of 
general anaesthesia, or the stimulation will provoke another fit Com- 
plete quiet and absence of all disturbance must be assured in the 
nursing The sedatives must be adapted to suit the case Large 
doses of chloral, paraldehyde by mouth and reetally, intramuscular 
luminal, morphia, or even intravenous pentothal have all been used, 
according to the severity of the case Morphia is probably the most 
useful standby, but cannot be used over long periods Maintaining 
the patient’s general condition by adequate nourishment is often 
difficult, and intravenous fluids and glucose may be given, com- 
bined with nasal ft eds when the patient is under suitable 
sedatives 

Prognosis This van^wutirTlie'date'of oiiset of the symptoms 
’"~>re delayed thrs^^t^mThetter the outlook The more lnonWrl 
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higher incidence m such lesions The soiling of the wound w ith dirt 
is the prime cause of the condition, and it is to be noted that the t 
well-manured soil of the field is richer in such organisms than is < 
street dirt The resistance of the spores of the tetanus bacillus is 
well known, and they survive a great length of time in the soil once 
it is infected In. gas gangrene the infection is a double one, but 
again due to spore forming anaerobes The characteristic organism 
is the Clostridium Welchn (Bacillus perfringem), which is saccharo- 
1> ti,c, and splits the glycogen m the muscles into simpler sugars and 
ultimately C0 2 and water This action is followed by the activities 
of a proteolytic group, B sporogenes, B aerogents capsulatus , and 
Clostridium septigue, which break down the muscle protein with 
further gas production 

Prophylaxis The best and most certain prophylaxis is tbe % 
excision and treatment of wounds on the principles outlined If 
this is carefully done the incidence of either condition w ill be almost 
negligible in peace time conditions 

In serving soldiers active immunisation with tetanus toxoid is 
practised, and the immediate use of anti-toxin is insisted on m all 
suspicious wounds For gas gangrene massive doses of antitoxic 
serum are given to all cases with much muscle damage as soon after 
wounding as possible 

Tetanus 

The symptoms of this condition are due to the absorption 
of exotoxm from the region of the wound tia the lymphatics 
Symptoms may vary from those of (1) local tetanus, m which the 
spasms are confined to the muscles around the wound , (2) tetanus 
of a limb , to (3) generalised tetanus, according to the degree and 
rate of absorption of the exotoxm 

The date of onset of the symptoms varies from two days to two 
months after the injury , depending on the rate of production and of 
absorption of exotoxm Associated sepsis increases both con 
siderabty The slowest development is thus seen in w ournls infected 
by spore containing catgut, where the wound may heal by primary 
intention The local signs are not peculiar to the condition, being 
those common to any septic infection General features such is rise 
in pulse, and increased nervousness, and apprehension of the patient 
may be noted, but usually the first feature is the occurrence of spasm 
m a v oluntary muscle In local tetanus this may be m the neighbour- 
hood of the wound In limb tetanus one limb may be involved, but 
the most common manifestation is that from generalised toxcemia 
w hen stiffness in the jaw (trismus) and back is complained of These 
features are followed m a variable time by the elome and toiuc 
spasms 
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reveal gas, but must not lend to an erroneous diagnosis from tho 
r inclusion of outside air m the wound The general features aro a 
toxaunia out of proportion to that to be expected Tho temperature 
is v amble, but the pulso is running and rises rapidly and dispropor- 
tionately to the temperature Pain from the pressure of swollen 
tissues is sev ere Colour changes in the skin of a necrotic typo may 
be seen at a little distance from the wound edges Tiic patient is 
often mentally disturbed and restless Tho diagnosis of the condition 
under closed plasters is ob\ jously important and may bo indicated 
by early and severe signs of pressure inside tho plaster and severe 
pain of a burning character at the site of injury 

Generalised infections Severe toxaemia may’ bo rapidly followed 
by scpticamna, but fulminating forms aro seen, m which a general 
septicaemia develops so rapidly that few changes may bo noted m 
tho wound These patients are pale, cold and mentally alert There 
is a subnormal temperature and a running pulse Vomiting, dilated 
pupils and air hunger usher in the end 

Treatment PuoPHX lactic Cases which are likely to develop 
the condition, t c , those in which there is muscle damage, contamina- 
tion or delay m surgical treatment or associated vascular damage, 
should receive as soon as possible after wounding a dose of antitoxic 
serum This should contain 9,000 units of Cl J Velchn, 4,500 units 
of Cl Seplicum, and 3,000 units of Cl (Edernatiens antitoxin This 
is given intramuscularly* or intravenously 

The immediate treatment of the wound by excision is followed 
by the local application of sulphonamide and a general course of 
sulphatlnazole and penicillin suitable to severe mfections (p 79) 
Massive doses of serum are given, intravenously Doses of 27,000 
f uni ts of Cl 11 elehn antitoxin with other antitoxins m proportion 
are given every six hours 

Surgery This is of value only m the localised forms, and its 
pnme object is tho excision of all infected tissue, leaving tho mini- 
mum of muscle tissue exposed For this reason tho whole muscle 
belly is excised in infection confined to one muscle In muscle group 
infections the fascial boundaries of the group are tho limits of 
dissection In limb infections amputation through tho knee or 
elbow may be needed to avoid exposure of muscle Excision is 
followed by light powdering of the wound with sulphonamides and 
penicillin, light packing of the wound, and immobilisation 

Prognosis The prognosis varies with the amount of muscle 
infected before treatment is introduced, and the constitution and 
V general condition of the patient In localised infection it is hopeful, 
but xn any widespread condition the outlook, in spite of blood 
transfusion and adequate serum, is poor 
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the spasms also the better the outlook Generalised tetanus is 
always of grave significance, but not necessarily fatal 


Gas Gangrene 

Cl icdchn is a spore-forming anaerobe like tetanus and has a 
similar habitat It is invariably present in gas gangrene and is 
accompanied by a variety of other anaerobes, some capable of 
symbiotic activity, and by the more common aerobes It is the chief 
producer of gas, being mainly saccharolytic, but is also proteolytic 
It can only live under anaerobic conditions, and an effective blood 
supply is the best barrier to its progress It follows that the effective 
blood supply of the wound area is most important, and any local 
vascular damage or general vascular failure from shock may be of 
great significance in the spread of the condition 

Closlrtdtum cedemahens though non invasive, produces extensive 
cedema, and an absorbable exotoxin Clostridium septicum similarly 
produces cedema and an evotoxm, but can actively invade the tissues 
Cl Fallax, Cl Htstolyticum,Cl Sporogenes are spore-bea ring anaerobes 
commonly found m association with gas gangrene infections 

The extension of the disease is dependent on the invasion of 
muscle, and fascial barriers offer a short check to its course The 
importance of the blood supply , long ago pointed out by Larrey, is 
seen in the increased incidence in severe contused and crushed 


wounds The disease may localise itself m 

1 Abound area ] Contamination 

(Anaerobic cellulitis 

2 A muscle belly 

3 A muscle group 

4 A segment of a hmb, 

each giv mg opportunity for surgical treatment 

The uound area The organism may be found in a granulating 
wound as a harmless contaminant If active there is the formation 


of local gas, but on account of reduced virulence or aetiv e granulation 
tissue there is no further spread and an absence of sy stemic effects 
The characteristics of the w ound are those of gas gangrene m a sub- 
acute form These are pallor, swelling and cedema of the wound 
edges, a thin evil smelling, brownish discharge, with a peculiar foetid 
odour, some crepitations in the surrounding tissues, and bubbles in 
the wound The condition is confined to the subcutaneous tissues 
and requires adequate drainage and general therapy 

Localised infections in muscles The discharge and odour are 
present Gas formation is increased and the muscle colour varies 
from a dark red to a greenish black The tissues are swollen and 
cedematous, tense and crepitant Radiological examination may 
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reveal g^s, but must not lead to an erroneous diagnosis from tho 
inclusion of outride air m the wound The general features aro a 
toxsenua out of proportion to tint to be expected The temperature 
is variable, but the pulse is running and rises rapidly and dispropor- 
tion atclj to the temperature Pain from tho pressure of swollen 
tissues is severe Colour changes in the skui of a necrotic t$ pe maj 
be seen at a little distance from the wound edges The patient is 
often mentally disturbed and restless The diagnosis of the condition 
under closed plasters is obviousl} important and maj be indicated 
bj eirlj and severe signs of pressure inside the plaster and severe 
pain of a burning character at the site of injur} 

Generalised infections Severe toxemia maj bo rapidly followed 
bj septicaemia, but fulminating forms are seen, in which a general 
septicaemia dc\ clops so rapidly that few changes may bo noted in 
the wound These patients are pale, cold and mentally alert There 
is a subnormal temperature and a running pulse Vomiting, dilated 
pupils and air hunger usher ill the end 

Treatment PnOPlI\ lactic Cases w Inch are likely to develop 
the condition, i c , those in which there is muscle damage, contamina- 
tion or delaj m surgical treatment or associated vascular damage, 
should receive as soon as possible after wounding a dose of antitoxic 
serum Thus should contain 0,000 units of Cl Welchtt, 4,500 units 
of Cl Septxcum, and 3,000 units of Cl (Edematiens antitoxin Tins 
13 given lntramuscularl}" or intravenous!} 

The immediate treatment of the wound by excision is followed 
by tho local application of sulphonamide and a general course of 
sulphathiazole and penicillin suitable to sex ere infections (p 79) 
Massive doses of serum are given intravenously Doses of 27,000 
units of Cl II elehn antitoxin with other antitoxins in proportion 
are given every six hours 

Surgery This is of value onlj m the locahsed forms, and its 
prime object is the excision of all infected tissue, leav mg the mini- 
mum of muscle tissue exposed For this reason tho whole muscle 
belly is excised in infection confined to one muscle In muscle group 
infections the fascial boundaries of the group are the limits of 
dissection In limb infections amputation through tho knee or 
elbow may be needed to avoid exposure of muscle Excision is 
followed bj light powdering of the wound with sulphonanudes and 
penicillin, light packing of the wound, and immobilisation 

Prognosis The prognosis vanes with the amount of muscle 
infected before treatment is introduced, and the constitution and 
V' general condition of the patient In locahsed infection it is hopeful, 
ut m any widespread condition the outlook, in spite of blood 
ransfusion and adequate serum, is poor 
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‘ CHAPTER IX 

DELAYED UNION, NON-UNION, MAL- UNION 

Union Cwwioir, union - When u bone is rigid to bending stress 
m nil direction**, and this sttess pioduccs no pnm at the site of 
ftactuio, and the cnlhw is no longer tender, the bono is clinically’ 
united Thw does not neccssanly correspond to tiio appearance of 
union mdioginphicnlly and to unit for tins confnnmtory ovidenco is 
to lose valuable tune The lndipgroph may, houover, bo of value ui 
judging the at length of union picsenfc and its liability to yield under 
the continued action of body weight If satisfactory, all suppoifc can 
bo abandoned If iniceiiain, uiippoifc may be maintained under 
attain and itduced when attain ih absent A lesser degieo of fixation 
may bo allowed Thtm in the case of fmetmes of tlio leg, when there 
in no fear of rotatoiy attain, them is no need to h\ tho knee, and 
active oxeitihos of (bo joint may bo commenced Clinical union is tlio 
sign for moio active unployment of tbo limb 

Ramolooiovi union This may bo obvious at the time ol 
cluneal union, but more often lags behind it It is often ddhcult to 
dotoimmo, eg, m the case of the naviculai, and when obvious 
usually indicates that t him id union has been long established It is 
a valuable aid to tbo assessment of tlio strength of muon and of tlio 
occurrence of non union 

Delayed union 'Dio time which a fiucturo takes to unite depends 
on many factor a Thus the pat ticular bono fiactuu d, the particular 
Hite involved, tbo ago and guictal condition of tiio patient all 
influence the time taken for repair Wo cannot, therefore, assign 
any fixed pi nod beyond which wo can tlio union is delayed, for 
nil fractuus, but tbcie nto jiutods for each fmctuie m winch union 
should occur and beyond whuh we can say that union 13 vlehxyul 
Non-union With the passage of time and tlio development of 
fwither change in the bums this may definitely becomo ‘non- 
union " Heio uc have a \ isiblo t hungo m the bono patliology which 
can be detected in Dm \ iav, and this can ho tonsideied a uitonon 
of non union The 10 is houovci iui fixed boundary between tho two 
conditions and 0110 tneigis into the other Tho causes influencing 
tho development of < itlu 1 condition uio tho Mime, and aie as follow g 
I Wini si piiiwiov oi< rm novi inds Several factor a may 
ptoduco thw I <>ss «f bony tissue m compound eoimumuted 
fractures w important (boss displacement of tho parts if left 
unreduced may produce it With nki letal traction tlicio is a dt finite 
risk that excessive tint turn iiiov mn separate tho bono 1 nth anti 
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cause failure of union, while continuous district ion is an even more 
potent cause of failure 

2 Interposition of soft puits Muscle and fasen ma) be 
turned in between the bone ends, thus preventing their approxima- 
tion, and forming a barrier to callus formation Even the blocking 
of the medullar} canal by the impaction of a fragment of compact 
bone across it ina) prevent union 

3 Constant movement TIils is .an important point The 
influence of movement on the development of callus has been 
mentioned A small degree of movement docs not delay healing, 
but gross degrees of movement will Movement of the impaction 
tj pe w ill actuall} burr} the process The nbs arc alw a} s cited as an 
example where constant movement docs not prevent union In the 
nbs the actual movement of the rib ends on each other is small, 
owing to their fibromuscular attachments This degree of move- 
ment ma} result m excessive callus, but never in non union 

A restless patient who will not remain quiet under skeletal 
traction ma} cause such bones as the femur to fail to unite, and m 
certain cases may justif} operative fixation and plaster 

4 Infection* The disastrous effects of infection m delaying 
union need no reiteration here 

5 Loss of the blood SUPPLY In certain bones this may 
produce avascular necrosis of a fragment of bone This commonly 
occurs to small fragments in comminuted fractures and is of no 
importance In certain bones such as the nav icular and the upper 
end of the femur the lo^s of blood supply may involve the whole of 
one surface of the fracture, and then delay m union must occur while 
the bone is revasculareung, or, if this fails to occur, non-union of an 

- absolute type will be established Double fractures of a long bone 
inevitably delay the healing of one fracture, usually that fracture 
separated by the other from the nutrient artery, which thus has a 
reduced blood supply 

6 Local or general disease This may influence union 
A positive Wassermann may delay union till adequate treatment has 
been earned out Most local conditions of bone, such as cysts, 
tumours, and the other conditions outlined under the causes of 
pathological fractures do not cause non-union, though they cause 
delay m union Scurvy, tabes and advanced malignancy seem to 
be the only conditions causing absolute non-union 

7 Buried foreign bodies In certain cases the use of Lanes’ 
plates or wire leads to a mild inflammatory’ reaction around them 

•y with hyperemia of the bones and decalcification. This may’ be the 
cause of failure to umte The reaction is not so noticeable with 

one pegs or grafts and is due to some specific effect of the metal 
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Union Clinical union When a bone is rigid to bending stress 
in all directions, and this stress produces no pain at the site of 
fracture, and the callus is no longer tender, the bone is clinically 
united This does not necessarily correspond to the appearance of 
union radiographically and to wait for this confirmatory evidence zs 
to lose valuable time The radiograph may, how ever, be of value m 
judging the strength of union present and its liability to yield under 
the continued action of bodyweighfc If satisfactory, all support can 
be abandoned If uncertain, support may be maintained under > 
strain and reduced when strain is absent A lesser degree of fixation 
may be allowed Thus m the case of fractures of the leg, w hen there 
is no fear of rotatory strain, there is no need to fix the knee, and 
actn e exercises of the joint may be commenced Clinical union is the 
sign for more active employ ment of the limb 

Radiological union This may bo obvious at the time of 
clinical union, but more often lags behind it It is often difficult to 
determine, eg, m the case of the navicular, and when obvious 
usually indicates that clinical union has been long established It is 
a valuable aid to the assessment of the strength of union and of the 
occurrence of non-union 

Delayed union The time which a fracture takes to unite depends 
on many factors Thus the particular bone fractured, the particular 
site involved, the age and geneial condition of the patient all 
influence the time taken for repair Wc cannot, therefore, assign 
any fixed period beyond which we can say the umon is delayed, for 
all fractures, but there aie periods for each fracture in which umon 
should occur and beyond which we can say that union is delayed 
Non-union With the passage of time and the development of 
further change in the bones this may definitely become " non 
union ’* Hero wc have a visible change in the bone pathology which 
can be detected in the X ray, and this can be considered a criterion 
of non union There js, however, no fixed boundary between the two 
conditions and one merges into the other The causes influencing 
the development of either condition are the same, and are as follows 
1 Wide sepvkatiov of the bone ends Several factors may 
produce this Loss of bony tissue in compound comminuted 
fractures is important Gross displacement of the parts if left ' 
unreduced may produce it With skeletal traction there is a definite 
risk tint excessive traction may owr separate tho bone cuds and 
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False joint formation It his bum mentioned m the clnpter on 
the healing of fractures that the amount of cartilage at the fracture 
site is related to the amount of shearing strain which the fracture 
undergoes w lulc callus is forming lXces.su e mot tincnfc may produce 
c\cesM\e cartilage, and under the mHuetico of further nioeement this 
mav form itself into a false joint with a central cauty containing 
fluid, and surrounding thickening in the librous tissue resembling a 
capsule It is to be noted that onl> shearing strains prpducc this 



frio *>(, Atrophic 
tjpo of non 
union Thcro t* 
little callud 
reaction and the 
bono ends have 
rounded off and 
been partly ah 
sorbed Hug 
unsuitable for 
Heck s drilling 
but may bo bone 
grafted 



bjo 56a Established non union with 
falsa joint formation following a fine 
turo of the clavicle The condition 
wus consistent with excellent function 


effect Compression strain encourages union False joint form ition 
occurs commonly in tabetics in whom the loss of sensation en 
courages abnormal movements at the fracture site False joint 
formation is much more common m active young men than m old 
men, and is very rare in women If the limb is used the modifica- 
tions which occur in the bone ends and the surrounding structures 
ma e it very closely resemble a normal joint The bone end rounds 

' JL, OK one 8I< an d expands on the other to form a bearing surface 
lnese surfaces are > „ , n , p . , 

'■'ge and fluid appears between 

comes to lesemblc 


them, while 
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On the other hand compound fractures due to bullet wounds often 
heal well m spite of metal being scattered through tile bone, if no i 
infection occurs 

The effect of synovial fluid on union ha3 been called m to explain 
non-union m navicular and patella fractures but it can be said with 
confidence that it does not delay or prevent union 

The influence of the type of fracture must he mentioned J Trans 
verse fractures have a small area of bone m contact, have often less 
penosteal disturbance, and so throw out less callus and unite more 
slowly than oblique fractures 

Types of Non-union 

1 Fnmous 

2 False joint formation 

3 Absolute # 1 

Fibrous union occurs normally m certain bones such as the skull 

and the patella, and it may occur m many other fractures and allow 
of full function, e g , fractures of the clavicle and the navicular In 



Fjo 54 Falso joint forma 
tion in fracture of tho 
lower third of tho tibia 
Tho bon> sclerosw on the 
distal sule as «tU marked 
and into this tho rounded 
proximal end hts 



/' 


tia 'j' 5 Hjpertrophic 
tjpo of non union 
Thera is a good 
callus reaction but 
there is a Imo of 
non union across 
this This is tho 
typo of non union 
suitable for Beck a 
bone drilling 


certain bones, such as the long bones, it is insufficient and bony , 
union must be obtained Fibrous union can only be satisfactory 
where there is no serious bending str-un 
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bone ends, absolute non union is established and operativ e inter- 
V fcrcnco Mill bo necessary to procure union 

Absolute non union* All operative interference 13 directed 
to three ends 

1 The opening up of the bone ends 

2 The formation of a fresh h ematoma 

3 Improved fixation of the parts 

Certain treatments such as the injection of whole blood around 
the bone ends, or of dilute h) drochloric acid liav e occasionally been 
successful, because they have fulfilled these coiiihtions in part, but 
m general tliej arc imrcli iblc 

The simplest method of producing the conditions above is to 
retraumatiso the fracture area by manipulation and hammering 
under an anaesthetic This may be combined with a tourniquet 
above the fracture site compressmg the veins only, which is main- 



Fie 58 Beck s bono drilling Through two small skin incisions made 
to a\oid soiling the drill bj contact with the skm the bone 13 drilled in 
the directions indicated by tho interrupted lines 

tamed for some tw enty to thirty minutes to encourage the formation 
' of a larger lucmatoma After such treatment adequate fixation is 
secured by plaster, and in suitable patients w eight bearing is encour- 
a ged This will cause union in a few cases, but it is better regarded 
as a method of hastening dclajed union than a method of treating 
non umon 

If this method fails or is unsuitable, the next grade of interference 
is provided by Beck’s bone drilling Tins can be done under local 
anaesthesia if necessary, and is considerably aided by the use of a 
mechanical drill, either pneumatic or electric The skin over the 
fracture is satisfactorily sterilised and anaesthetised Two incisions 
are made at suitable sites A small bone drill is then inserted at a 
conv ement point, and by repeated drillings and partial w ithdraw als 
the bone ends are perforated m numerous directions The number 
V-of perforations made will depend on the size of the bones and their 
accessibility Both ends of the bone are dealt with in the same way, 
and the fracture then treated as a fresh fracture, and leset 111 a 
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Absolute non-union This is usually a very u eak type ot fibrous 
union In the atrophic type (Fig 5G) it is shown rachologicaUy by< 
the rounding off of the bone ends, and the closure of the marrow , 
cavity with a thm layer of compact bone while a considerable gap 
separates the bones In the hypertrophic group of cases the marrow 
cavity closes off with a layer of sclerotic cancellous bone and a 
broader softened line is left between the two fractured surfaces 
In the hypertrophic type (Fig 55) there has been a good callus 
reaction and the ends of the bones are surrounded as a rule by 
excess callus, but for some reason the callus fails to unite In the 
atrophic type there is very little callus reaction at all, and the 
outlook is more serious This condition is fortunately the less com 
mon of the two When either of these conditions is established any 
hope of union by other than operatn e means must be abandoned 
Treatment Delayed union General treatment is the same in 


all cases, and consists of efficient nursing, together with an adequate 
diet in which all the vitamins are present To stimulate union a 
variety of agents from egg-shell to parathormone have been tried 
and vaunted, but on clinical and experimental grounds it is 
extremely unlikely that they have the slightest effect Adequate 
calcium and phosphorus are, for example, obtamed from the 
decalcification of the rest of the skeleton, the amount stored there, 
compared with the amount required for the callus and the amount 
ingested from any special diet, being enormous 

Special treatment This is directed to the discovery of the cause 
and, if possible, its removal The treatment of a positive Wasser- 
mann reaction will usually result 
in union in a short tune In the 
/ lower limb the use of a walking 

1 plaster, or some form of weight 

bearing, will often promote rapid 
union In the femur the release 
of the traction w eights is often 
the signal for union to commence 
' ^ Adequate length of immobilisation 
will result in the union of most 
fractures of the navicular 

Where possible the use of the 
affected limb should be encouraged 
The arm should be given the 
appropriate plaster, and the leg 



Fig 5" Long standing unumted 
fracture of the body of the nax i 
cular showing the smooth sur 
faces and well marked sclerosis 
on either side of the fracture line 


fitted with a walking plaster or 
a calliper If after some time 
there is no union and the X ray 
shows increasing sclerosis of the 
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method to be successful the hbula must be divided first to allow the 
*two ends of the tibia to come into contact Cases of atrophic non- 
union or in which there is an obvious inclusion of soft parts are 
unsuitable for this method of treatment, and in eases in winch it has 
failed other methods must be adopted The next step usually con- 
sidered is the amputation of the bone ends, and their approximation, 
which can only be considered if one is prepared to sacrifice the length 
of the bone to some extent This is only possible m the arm, and 
here, owing to technical difficulties with grafts and plates, it is often 
a useful manoeuv re Re union of the bones is accomplished by the 
“ step cut ” method (Fig 30) or by cutting both ends obliquely 
(Fig 60) and screw mg them together 

Rarely when mere separation of the bone end has been the cause 
_of non-union, placing the bones in correct relation and plating 
them maj bo sufficient Plates raaj be combined with grafts to 
obtain the adv antages of both In general, pure grafts w ill ho found 
most satisfactory 

BONE GRAFTING 

The final resort, and the most satisfactory method m most cases, 
is bone grafting This provides fresh bony material, demands an 
adequate opening up of the bone ends and the formation of a fresh 
hamiatoma around them, and provides internal fixation The 
success of bone graftmg as a method of obtaining union lias led to 
its wade iuse under other conditions Indications for its use are 
present when — 

1 Absolute non union is established (atropine or hypertrophic) 

2 Failure to obtain adequate reduction and failure of retention 
occurs, eg , m fractures of both bones of the forearm, where align- 
ment must be as perfect as m the leg 

3 Obvious loss of bone which wifi delay or prevent union is 
present 

4 Fractures in which difficulty is expected or non-union is 
common, e g , fractures of the medial malleolus with displacement or 
of the femoral neck 

Delayed union m certain cases 

The material used for grafting may bo obtained from the bone 
as that grafted or from another lnnb The increased operating time 
taken by making a second incision is offset by tK added strength of 
the material gamed and the fact that the injured limb is not fuitlier 
weakened, but has osteogenic material added to it In covering 
large defects these advantages are important 

Bone grafts may be, 

1 Cancellous clup 
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plaster cast This method is very successful m selected cases, 
notably the hypertrophic type of non union For it to succeed ttw^ 
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bone ends must he capable of being brougnt into apposition Where 
there are two bones to be considered this may mean that an osteo- 
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1* iq 02 Cor 
rcct method 
of grafting 
One saw cut 
is slanting 
leaving a 
wedge of bone 
free which is 
slid dow n 
w arda and 
fixes firmly 
into the 
lower part 
of the bed 


toray must be done on one of them This is often necessary m the 
j efTj where the fibula unites well and the tibia does not For any 
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bone or the rung of the ilium A modified form hns been used in 
irthrodesis with success 

I\la\ on yfts The sliding graft is the principal example of this 
method Here a long channel is cut in the bone crossing the fracture 
lino so that fc\i o thirds of its length lies to one side of the line and one- 


A 




Fir 6t> Tho 
sliding graft — 
the small lower 
fragment >3 re 
placed abo\ o 
the graft and 
fixed with a 
single screw 


Fia 07 Tho Massive 
giaft — 

A Complete *di vi 
sion of bone by 
saw 

B Area split and 
remov ed 


Fio 08 Tho sec 
turns roversid and 
screw ed in position 


third to the other The fragments are freed and then ie\ersed and 
screwed into position The disadvantage of the method is the fact 
that the cunes of the graft do not correspond to the cunes where 
^ 13 movet h and so one end of the graft must aluajs be sunken 
Further m order to get firm fixation of the graft it is necessary to 
taper the graft (Fig 6>), both from above down, and from side to 
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2 Inlay grafts 

3 Onlay grafts 

4 Massiv e sliding grafts 

The cancellous chip method has heen denv ed logically from th 
fact that the earlier the graft is re vasculansed the sooner soun< 



Fig 63 Xon union Com Fig 64 Union ob Fig 65 Lateral \iew 
pound comminuted frac tamed by sliding of same cat>e 

ture of tibia bone graft fixed by 

two screw s A P 
\ lew (mlay graft) 

union of graft and bone will occur In a compact graft only surface 
cells survive In a chip graft the surfaces arc large, and many more 
cells survive, with a consequent rapid formation of new bone and 
consolidation of the chips The disadvantages tare the absence of the 
ngiditj provided b} other methods and its consequent unsuitability 
m man} situations The chips are usually derived from the injured 
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use of in electric or completed .m driven sjiu «ind drill is csscnti il 
Xo touch” technique should bo employed throughout All the 
methods ire successful Clinical union is established in a varying 
time after three months from the operation The fate of the graft 
has already been discussed (p 20) 

Grafts should not be carried out on infected fractures until at least 
siv months from the date of healing of the wound Preliminary skin 
grafts may be necessary to obtain suitable skin through which to 
work The advantages of employing plates in addition to the grift 
arc few The ad\ ant ages of freedom from the necessity of extern vl 
support are discussed on p 128 Where Lane used plates for non- 
union, Beck’s bone drilling is often equally effective Where non 
union and displacement co exist grafts alone are not always satis- 
factory 

Failures of grafting The chief causes of failure m bone 
grafting will be found among the following errors or accidents 

1 Sepsis To bo av oided by aw aitmg an adequate time for tissue 
infection to subside, t e , three to six months Obtaining sound skin 
cover through which to operate, the use of chemotherapy 

2 Application of the graft under strain Xotably in grafting 
the bones of the forearm To av oid this the use of a plate and graft 

* together are advised 

3 Inadequate nutrition of the graft Failure to prepare the 
graft bed adequately and excise avascular bone and fibrous tissue 
Chip grafts of cancellous' bone surv iv e best and may be used pre 
paratory to a cortical graft m difficult situations 

4 Failure to immobilise the graft efficiently 

3 Lack of protection of the graft before union is solid 
r 

Mal-union 

This may take the form of 

1 Shortening Due to loss of bone or overlap of the bone ends 

2 Angulation Due to too early use or incomplete reduction 

3 Rotation Due to failure to align the limb correctly 

4 Excessive callus 

The importance of these various deformities depends to a great 
extent on w hether the lesion is in the upper or low er limb Accurate 
alignment is much more necessary in the low er limb, w here the rela- 
tion of the bones to the line of transmission of the body weight is of 
great importance In the arm shortening, rotation, and angulation 
may be overlooked if they are not gross In the forearm these 
defects will lead to loss of pronation and supination Rotation 
produces a serious disability m the fingers 

A fracture may be mal united, but produce no interference- with 
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side, so that it may be firmly impacted into its bed by the screws 
employ ed to hold it (Figs 64, 66) 

Onlay graft This graft is screwed to the surface of the bone 
This has the sbght disadvantage of increasing the bulk of the bone, 
but does not necessitate the weakening of the bone with saw cuts 
By proper trimming of the graft and of the bed on which it is to lie 
it can be adapted to any surface By reversing the graft so that the 
cancellous surface lies outwards, flat surfaces of compact bone can 



Fjg 6s a Von union of h fracture of the tibial fehaft 
treated by xnat*ne eliding graft 


be obtained to work with and the cancellous outer surface provides 
better osteogenesis 

Massive sliding grift Tins has been worked out in an 
endeavour to obtain a mechanically sound method It is essentially 
similar m principle to the sliding graft, but the whole thickness of 
the bone is split in section and not as a groove By this means a 
level surface of bone is obtained to work with, and reversal of the 
bone fragments does not upset alignment (Figs 67, 68) It is the 
soundest method mechanically, though a rather extensive procedure ^ 

All methods should be done under radiological control to be ^ 
certain th&t alignment is perfect before being finally closed The 
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at the level of the fracture and then wedging tlio plaster at the 
appropriate spot When the correction is show n to be radiologically 
correct the wedges and gap arc plastered over 

Operativ e correction This is reserved ns a rule for solidly 
united cases An osteotomj at tlio site of an old fracture is apt to 
be followed b} non union, especially if treated by any form of 
traction, so care must be taken in the selection of cases Oblique 
osteotomies are to be preferred to transverse ones in which the usual 
difficulties of transverse fractures are likely to complicate matters, 
* e , lateral displacement and slow union 

Late cases After a period of six to tw elve montlis the joints 
become adapted to tlieir new positions, joint surfaces alter in 
outline and ligaments elongate and contract Any attempt to alter 
the alignment results m the imposition of a further strain on the 
joint similar to the first to which it must adapt itself once again 
This will aggravate rather than relievo any traumatic arthritis 
already present, so where this is a genuine disability an arthrodesis 
is to be preferred to any attempt to correct the alignment 

In young patients these arguments do not hold, as the joints are 
more adaptable, and serious deformities should be corrected, leaving 
the finer details of correction to growth 

Shortening may be corrected by an oblique osteotomy and 
traction, or by the insertion of a bone graft Rotation is the most 
difficult to correct as it requires a transverse osteotomy with its 
disadvantages, or a very well-planned oblique one 

Various complicated orthopcedic procedures to improve the 
function m late lesions of the hip, ankle, and other joint, are outside 
the scope of this book 

Excessive Callus 


r 


The amount ofi callus formed depends on 

1 The size of the hcematoma 

2 The amount of comminution of the bones 

3 The amount of movement at the fracture site during 
retention 

4 The bone fractured Membrane bones repair by fibrous 
tissue 

'Excessive callus is rarely a drawback, but it may be cosmetically 
undesirable in such bones as the clavicle In the arm the radial 
nerve may be involved in the organising callus and paralysis pro- 
duced Either of these reasons may call for surgical interference 
In the neighbourhood of joints excessive callus may interfere with 
the joint movement It usually slowly adapts itself to the situation 
and full movement is restored 


118 


C03IPLETE OUTLINE OF FRACTURES 


function, in which case before treatment is decided upon one must 
ascertain if the deformity is hkely to increase, or to produce othen 
disabilities, such as traumatic arthritis In the young the bonesl 
■will spontaneously correct quite large deformities, and unless the 
lesion is very gross it is wise to postpone interference till growth has 
ceased In adults there is little spontaneous correction 

Treatment This may be necessary at the follow mg stages 

1 Early, when the callus is soft 

2 After consolidation of the callus 

3 In late cases when secondary effects have arisen 

In the early stages the correction of the deformity may be 
brought about by any of the methods used for fresh fractures, t e , 
manipulation, continuous traction, or open operation 

Manipulation' The length of time during which this can be i 
earned out vanes with different lesions In the wrist one may 
refracture and reset a Colies’s fracture up to ten weeks after the 
original injury The callus around a femur will not be firm for six 
to eight weeks, and similarly a fracture of the tibia and fibula may 
be bent up to five weeks after the injury The best gauge to the 
possibility of manipulation is the X*ray The nearer the fracture 
is to the joint the more difficult it is to manipulate, and also the 
more rapid union is likely to be It is very important to get correct 
alignment of a third degree abduction fracture of the ankle at once 
and not allow early w eight bearing w hich may disturb it Follow mg 
% manipulative correction for recurrent deformity, a fresh plaster is 
applied which need not be left on for quite as long after this as after 
the original fracture and reduction 

Manipulation can be carried out under the screen, which is a 
great help m correcting the angulation of long bones accurately 
In fresh cases the freedom of mobility of the fracture ends on each 
other may cause some trouble m manipulation, but if a period of 
two to three weeks is allowed to elapse with the ends in contact, 
sufficient fixation will have occurred to prevent the bones moving 
laterally on each other, but not sufficient to prevent correction of 
angulation, which may then be done with great precision 

A very satisfactory method of correction in suitable cases is 
provided by wedging the plaster This enables an angular deformity 
to be corrected with almost mathematical precision The application 
of the method to the tibia is shown on page 521 

Gradual correction This is difficult to control in many 
cases but it may be attempted by corrective padding inside a plaster 
cast or using heavy skeletal traction for a short tune, or the use of < 
adjustable pressure pads, and suchlike manoeuvres In the long ' 
bones it may be done by making a circular cut m the plaster ease 



CHAPTER X 

THE IMMEDIATE OPERATIVE TREATMENT OF 
FRACTURES 


After the first successful open reduction and suturo of tlio 
patella, in 137-1 by Lister, the door opened on a new % ista m fracture 
treatment Arbuthnot I ano saw farthest across this attractive 
prospect and saw more than most His emphasis on the abnormal 
strains placed on a joint by nial union is as important to day as ever, 
and is the fundamental fact justifying operative interference The 
popularity of Lane’s methods were their undoing Plating became 
the fashion, doomed by this to become unfashionable So absurd 
were the lengths to which his methods were carried that a birth 
fracture of the femur m an infant was 


plated on the second day of life, with 
distressmg results The wholesale fixing 
of fractures under unsuitable conditions 
and with that lack of judgment and 
selection which had made Lane success- 
ful, made platmg so unpopular that within 
fifteen years, to mention it m an examina- 
tion, was to court disaster 

The return of operative methods to 
favour is based on sound convictions It 
is to be hoped that the influence of those 



/ returning to such methods will prevent I j 

^ afuither wave of unpopularity The basis I | 

of dissatisfaction with present methods Fic G9 Showing the method 


IS the inability of sunrcons, oven with ° r ° r obliqm, 

„ , , . . fracture using beaded wires 

a mechanical distractor (Fig 70), to get 

perfect reduction Exposure of a few fractures wall soon show that 
the irregularity of many fractures is such that no surgeon could 
hope to interlock the ends blindly, even given all the control avail- 
able by skeletal traction Recognition of the defects of skeletal 
traction has led to the use of beaded wires to provide lateral pressure 
on fractured bone ends, but this is open to other objections The 
interposition of soft parts is often another immediate obstruction 
Further the use of skeletal traction m itself has disadvantages This 
particularly so if traction is persisted in ov er any’ length of time 
hj Stiffness of joints through which force is employed is an inevitable 
sequel, only varying in degree Traction is not fixation, but a 
balance of forces, which exert a continual opposition to each other. 
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3 The immediate comfort of the patient w ho finds that the one 
jr operation, apart from the removal of the stitches, is the onl} uncom- 
fortable procedure to which he must be subjected 

It should be scared} necessary to add that the operative fixation 
of fractures plajs little part in the treatment of fractures during 
the growing period, when bones automatic illy realign themselves 

TlIL DIS VDVANT VQLS Oh Ol’LUATIVl REDUCTION The method 
can onl} be earned out b} the experienced, working under good 
conditions, and this limits the general usefulness of the method The 
method itself introduces new complications and difficulties — 

1 Sejms That tins is slightly increased b} the method cannot 
be denied In tho most skilled hands an odd case will become 
infected Whether this can be regarded as a complete contra- 
indication to the method is a personal decision Such sepsis as occurs 
in carefully selected cases is usually of tho subacute type and lias no 
serious consequences It may dela} union and result in excessive 
new bone formation, but rarel} increases the sequestration Its 
occurrence is undoubted!} related to the conditions under which the 
method is carried out and the skill of the surgeon The amount of 
metal Used in fixation is also of importance, sepsis being more 
common with large plates than with single screws With a single 
screw secondary infection produces little further damage, but with 
a plate the removal of the whole appliance may become necessary 

The most common cause of infection is inadequate haemostasis 
which alone, or by interfering with the blood supply of a portion of 
skm, produces infection of the wound Excessiv e tension in sutunng 
a wound is also a common cause of trouble 
r The use of plates m open compound fractures has been given up 
y as it definitely increases the sequestration, but occasionally a smgle 
screw may be used w ith advantage 

2 Sinus formation Although related to mfection this comphca- 
tion deserves special mention It appears to be due to the escape of 
fluid exudate around the plate and through the suture line at some 
date after partial healing of the wound has occurred As a result 
there is little tendency for mfection to pass along the track and a 
watery serous discharge may persist for weeks The majority of 
cases heal of their oivn accord in tune In a limited number of cases 
removal of the metal will be necessar} 

3 Xon union Like mfection, which may be responsible for tho 
condition, this is most commonly the result of faulty technique A 
classical example is the separation of the surfaces of a transverse 

foracture by a plate which has been screwed m position holding tho 
one slightly apart A secondary factor is the deleterious effect on 
callus formation exerted by some plates This is due to — 
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vary mg with. e\ erj mo\ ement of the patient Fixed distraction is 
equally undesirable m many fractures leading to non-union and soft 
tissue adhesions The movements of tissues around pins and wires 
leads to infection of the pm tracks, so that early mobilisation of 
limbs fixed by these methods cannot be safely carried out If the 



fractures can be fixed internally no track is left open to the skin and 
this objection is overcome 

The advant voes or operative reduction may be stated as 
follows — 

1 Early, complete, and perfect reduction of the fracture with 
resultant benefits 

(a) Immediate Avoidance of further soft tissue damage from 

pressure or manipulation , 

(b) Intermediate Possibilities of earlier mobilisation due to 

greater earl} ngiditv of the hmb With this is bound up 
the patient s confidence m the limb winch he once again 
feels is solid 

(c) Late Absence of secondary effects on the joints at either end 

of the bone duo to abnormal strains from mal-ahgnment 

2 The evacuation of part of the hsematoma, with a decrease in 
the adhesions formed among the tissues Tins is counterbalanced to 
a alight extent by a delay of approximately a fortnight ui the 
establishment of clinical union 
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be repaid by the development of a subsequent tiaunmtic arthritis 
f from the uneven distribution of the strains and stresses around the 
joint Mai union in the leg is therefore serious in its consequences 
and must be avoided Beating these points in mind it will be seen 
that open operative reduction and fixation of fractures of the follow- 
ing bones is indicated if there is more than minimal displacement 

1 Fractures of the lower end of the humerus and around the 
elbow (Fig 284) 

2 Fractures of the riduis (Fig 312) 

3 Fracture^ of both bones of the fore irm (Fig 380) 

4 Fractures of the posterior margin of the acetabulum, making 
the hip unstable 

o Fractures of the upper third of the femur 



Fio 71 Lano’s Plato Tlio 
original design m which tho 
holts were in alignment and 
tho metal carrying them m 
suflitientlj btrong ( Doan 

Bros ) 



Fic 72 Stamm s Plato 
A plate designed to 
ha\ o greater rigidity 
in tho centra and holes, 
out of alignment 
(Down Bros ) 


( 


G Fractures of the femoral condyles and tibial plateau mv olv mg 
the knee 


7 Fractures of both bones of the leg (Fig 54G) 

8 Fractures of the tibia alone 

9 Fractures with displacement at the ankle joint (Fig 591) 

Supporting these assertions is the fact that these fractures are 

those which give the least satisfactory results when treated by 
ordinary measures 

Materials used in internal fixation The search for a non-corrosiv e 
material w as soon ended, that for a non electroly tic material con- 
tinues Vitalhuin, which is non electrolytic, has the disadvantage 
of not being ductile and has to be cast Stainless steel shows some 
electrolytic features, but is stronger and can be more readily w orked 
r Wire The early use of w ire m fracture of the patella was found 
to be valuable, owing to its durability Secondary changes were 
frequently noted around the iron wares used and silv er ware often 
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(a) Subacute infection around the plate, nob sufficiently acute fcc 
affect the temperature chart, hut indicated by radiological 
signs of rarefaction at the fracture line 
{6} Electrolytic effects of the metal Currents of action develop 
between the metal and the surrounding cells This is pre 
rented by the use of a non electrolytic material such as 
vitalhum, or stainless steel * 

(c) The size of the plates Apart from increased electrolysis, 
there is a greater intolerance displayed by the tissues the 
larger the foreign body present This is independent of the 
material used, and encourages one to reduce the amount ol 
material inserted to the smallest possible proportions 
•i Technical difficulties Skin damage in the vicinity may pre- 
vent operation It is desirable m the case of an abrasion to operatt 
at once, rather than to wait till the abrasion has healed, as delay is 
undesirable, and infection unlikely to occur if immediate operation 
is earned out The lane of incision must of course be dear of al: 
abrasions, though if these are very small they may he cut across 
a Rate of union If a small amount of metal is inserted no effect 
on the rate of union can be noticed The strength of union, howcv er. 
depends on the area of callus formed as well as the ngidity of the 
callus present The area of callus formed is reduced when the fresh 
hsematoma is evacuated by early operation Cbm cal union is thu c 
delayed In the case .of the tibia the delay amounts to a fortnight 

Fractures m which Operative Reduction may be Indicated 
A more detailed consideration of this subject will be found in the 
chapters concerning each special bone, but » few general remarks 
and an outline of the suitable fractures seem appropriate here 
Generally speaking, the fractures which involve the surfaces oi 
joints, particularly those of the lower extremity, require the most 
perfect reduction if the later development of traumatic arthritis is 
to be obviated Such fractures require open operative reduction 
Fractures of bones which have a complex movement due to the 
presence of joints at either end of the bone, such as the radius, 
require perfect reduction for perfect function The nearer a fracture 
is to a joint the more strain on the joint mal union w ill impose and 
the greater need for perfect reduction The bones of the upper Umb, 
if mal aligned, are subject to the strains of abnormal muscular 
contractions and incongruous joint surfaces These are often trivial 
and as a consequence, the alignment of such a bone as the humerus 
need not be perfect for sound function In the leg the line of trims- * 
mission of the body*« eight through the limb balances the pressures 
otl el ther side of the joints and any deviation from the normal will 
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preference to Lane’s plates, which not infrequently snapped after 
fuse of the limb (Figs 71, 72) 

Screws Scicws ha\o the advantage of producing strong 
fixation with minimum bulb of niatcual where it is possible to use 
them alone They may bo supplemented with plates Two main 
designs of screw are ax ailablo — 

(а) Machine thread (Sherman p ittcrn) , 

(б) Wood thread (Venable pattern) 

In the latter screw the depth and w idth of tho thread enable a 
better grip to be obtained on cancellous bone In compact bone 
both screws are equally efficacious if the compact bone on the 
opposite side is penetrated by the scicw Tho Venable pattern 
screw is tho more generally useful pattern Screws should be 
^ accurately gauged, and a drill one sixty fourth to one thirty-second 
( of an inch smaller bo used to drill the preliminary hole The length 





Fig 74a Threo varieties of the Ivuntscher nail, the upper being used for 
tho femur tho middle one for tibial fractures and tho lower one for 
fractures of tho forearm Other \anetics with different cross sections 
ha\o been developed and are perhaps moro frequently emplojed 


of the screw should be calculated as nearly as possible, but excess is 
often of little moment and may sometimes be nipped off 

Parham’s bands These may still be employed for fixing spiral 
or oblique fractures They arc not available at present in any 
satisfactory metal, but if manufactured there would bo no objection 
to their use other than their large surface area Single or double 
screws can usually be employed to do the same work 

Nails or, pins The most effective of these is the tn fin pin of 
Smith Petersen used for fractures of the femoial neck (j) 457) But 
smaller pins and nails have been used in many other situations 
Kuntscher nail This is a long, light, slightly flexible nail, 
inserted in the intramedullary cavity Entrance to this is gained 
on ® end of the bone, e q , the great trochanter in femoral fractures, 
the olecranon, the tibul tuberosity The nail is sufficiently wide to 
press on the inner surface of the cortex and thus obtains good 
fixation by its width and excessive length Open reduction and end- 
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broke after a tune Stainless steel wire is now available and y 
technically suitable for the few cases in which wire is advisable 



ild 72a The slotted plate which permits end to end apposition of the 
bones and \ unable placements of the screw s (Egger s plate) 


Plates The use of plates and screws provides the most satisfcic w 



tory method of rigid fixation Against 
them are their bulk, their frequent 
unsuitability of design, and the fact 
that if not carefully applied the} 
may hold the bone ends apart In 
order to impact the bone ends an 
oblique screw across the fracture 
site has been employed m addition 
to tiie plate Recently plates of more 
suitable design than those of Lane, 
with their greatest strength at the 
centre, and with slotted holes, have 
been designed and should be used m 



A S 


lie 73 Plating gone mad— 74 The tw o u*uaU arctics of screws 

exec*. i>e plating in « corn employed < 

nunuted fracture of the leg A The \ enable screw with wide thread ^ 

frrom Arhuthnot Lane* and taper end (Wood sert'v) 

U The shirman screw with self charing 
tip and fine tlifead {Machine uni,} 
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operatise time and exposure The external fixation necessary 
restricts the eirly use of the joints, but these noser become as stiff as 
joints as Inch base been under continuous traction If the operation 
has only controlled the shortening, angulation may be controlled by 
\s edging the plaster Earl} ss eight bearing in a fresh plaster is 
dependent on the type of fracture picxcnt and the degreo of fixation 
obtained Thus a spiral fracture fixed ssitli two screws may show 
% the rigidity of a transverse fracture fixed by a plate Actise uso of 
the upper limb can nlvvay s be encouraged and the lightest of external 
supports be employ cd 

IvrERMLDt vtl METHODS Tins is ail endeavour to combine the 
advantages of both methods Light internal fixation is used and 
supplemented by external fixation for a fortnight Tins is removed 
and the stitches taken out and a plaster back slab substituted This 
is removed duly for 11011-weight bearing exercises to knee and ankle 
Activity on crutches is permitted in the case of the lower limb At 
the end of six weeks the principal advantages to be gained from early 
movement of the limb ha\ e been established, and fixation of the knee 
and ankle, or any other joint concerned, will not be followed by 
serious stiffness A w eight bearing plaster may thus be applied and 
the patient encouraged to get about Stiffness is thus avoided, but 
not at the cost of long periods of inactive recumbency 

Ceneral operative technique Open operative reduction is only 
the method of choice where the facilities for operation approach the 
ideal It should bo carried out with scrupulous care and “no 
touch ” technique A general outluie of the steps necessary will be 
given here and are applicable to all fractures 

It wall be found conv ement in early cases to combine the prepara- 
tion of the skin with the operation and utilise the one anaesthetic 
Preparation in the ward is painful, difficult and apt to be incomplete 
In the presence of a gently continuing haemorrhage it becomes almost 
impossible The details of „the skin toilet are given on p 71 , where 
wound excision is discussed Shaving of the skin is unnecessary 
The use of a tourniquet is convenient In the arm an Esmarch’s 
bandage and a manometer are used, m the leg tw o Esmarch bandages 
are applied These are put on over a sterile towel m which the leg 
is wrapped at the end of the skin preparation 

The skin is incised m the appropriate position, or the incision is 
designed to incorporate the excised edges of a wound if this is con- 
venient Care is taken to see that the vitality of the skin is not 
impaired by the lines of the incisions The incision, if possible, does 
f” - no ^ crojjS or communicate directly with the fracture site Curved 
flaps are thus usual or long incisions to one side which permit 
approach by idequite leti iction Towels vie then sewn oi dipped 
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to end apposition of the bones is usually a necessary piehmmary It 
is particularly helpful in the difficult fracture of the upper third of the 
femur (Page 483 ) 

Bone grafts The use of grafts has been discussed elsew here It 
must be remembered that they may be used as an immediate method 
of fixation where there is bone loss, or bone pegs may be used m the 
fixation of fractures near a joint 

Selection of suitable cases The complication to avoid at all 
costs is sepsis, and for this reason any infection of the shin in the 
vicinity, or any senous infective process elsewhere, is a contra 
indication to operation Any risk of failure of w ound healing from 
skin damage must be carefully watched For these reasons grossly 
compound fractures are usually unsuitable for primary fixation 
Indirect compound fractures should heal by primary union and 
excision of the wound may well be combined with single screw 
fixation (p 557) Simple fractures of the types indicated previously, 
where a good result cannot be obtained by other methods, should be 
fixed There are two periods at which this fixation may be earned 
out — 

1 Immediately This has many advantages but does not allow 
any preparation of the skm If there is an abrasion immediate opera- 
tion is the method of choice, as infection of the abrasion may prevent 
later operation 

2 Delayed Between the fourth and the fourteenth day This 
gives time for the hxmatoma and local swelling to subside a little 
Adequate skm preparation may be earned out 

Immediate operation relieves the patient, avoids fuematoma, and 
is generally easier, because of the absence of tissue contraction and 
the ease with which the sharp edges of the bone interlock 

General Aspects of Internal Fixation 

The degree of internal fixation and the degree to which it is 
supplemented by external fixation are capable of much variation 
The hmb may be so fixed by plates as to require no external support, 
or it may be so hghtl> fixed as to demand rigid external support 
Each method has its advantages and disadvantages and must be 
adapted to the individual case 

CoMPLE-rr intern xl fixation The advantages offered by this 
method are the simphcitv of the dressings and the opportunity given 
for early use of the limb for non weight bearing and weight bearing 
exercises The disadvantage is the bulk of metal which must be 
inserted and the consequent complications 

Light intern" u- fixation ind extern vl suttort This 
utilises the simplest degree of internal fixation with ft reduction in 
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5 Unsatisfactory position or excessive length of screw This 
■' maj not be realised till later radiographs are taken The scrows 
should be left m till muon is established and then remov cd 

Combined Internal-External Fixation Methods 
It seems ipptopriato in this chapter to describe some of the 
methods which hue been adopted to facilitate early uso of the 
lunb The most important of these is the crosscd-pin technique 
(anatomic splint of Roger Anderson) for the long bones, but more 
profitably applied bj our dental colleagues to fractures of the 
mandible Pins are inserted in the bones on either side of the 
fracture at x suitable distance, and at such an angle to one another 
that they control the movements of the bone completely 15y fixing 
the pins rigidly to an external support complete mechanical control 
of the fracture maj be obtained and it may bo aligned and held in 
alignment If the apparatus is sufficiently rigid, weight bearing 
through the appliance is possible While 
dramatic m its immediate results there 
are several drawbacks to the method It 
needs considerable experience to apply, 
it is not always painless when applied 
due to slight mo\cment being permitted, A. 
but its chief disad\ antage is the liability * 
to infection of the pins This is present 
with any pm, but is reduced m amount 
by using as fine a pin or wire as possible 
(hence the advantage of Kirschner wires 
o\er Stemmann’s pins), and by having 
little or no movement of the tissues 
relative to the pm The early move- 
ments made possible by the apparatus 
thus sow its seeds of failure In the 
jaw, where there is relatively little move- 
ment of soft parts compared to bone and 
dehcate pins can be used, the method is 
effective and useful 


bio 75 Anatomic splint 

Fixation of tho fracture bj 
mechanical clamping to an 
external bar Alternate e 
methods of angling tho 
r . , „ „ pins to obtain rigidity are 

intramedullary Kirschner Hires This shown (Roger Anderson 
method may be of v alue in fractures of the bplmt 1 

forearm, as it is comparatively simple to introduce it into the ulna 
Its application to the radius is less satisfactory In tho ulna tho 


The use of a pm w Inch screw s into the 
bone and leav es a handle extendmg 
through the skm for incorporation in plaster 
may be helpful in fractures of the radius 
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very accurately to the skm edges so that all contact with external 
skin is excluded 

With, fresh instruments the tissues are dissected and the hone < 
ends exposed Periosteal stripping is confined to the minimum Tiie 
bone ends are then grasped m Lane's forceps and accurate alignment 
of the limb restored and the bone ends interlocked A decision as to 
the appropriate method of fixation of the fracture will now ha\e been 
arrived at If transverse a plate may bo needed If oblique or? 
helical, single or double screw fixation may be satisfactory The 
insertion of the screw s is much facilitated by the use of a mechanical 
drill, either electric or pneumatic In general, the type and position 
of the fracture will determine the position of the fixing agent, but 
where possible the deeper surface of the bone should be employed 
Screws should always obtain a grip on the cortex of the bone on the 
opposite side, and to avoid splitting the bone the} should not be put 
in line 

The soft tissues may be closed oxer the bone with a few inter 
rupted sutures The skm is carefully and accurately closed by 
interrupted skm stitches as described on p 74 Haemostasis is 
important and if there is any fear of hemorrhage, either the tourniquet 
must be relaxed and the haemorrhage controlled or a small dram 
must be put m for the first twenty-four hours The limb is then 
enclosed in a firm dressing of cotton wool evenly bandaged on, and 
the whole encased m plaster If the internal fixation provides 
sufficient stability the plaster is omitted and the leg supported on a 
Cramer wire splint for the first few days 

Removal of fixative igevts This is not always necessary 
and is dependent on several factors 

1 Infection Usually subacute, it does not necessarily demand 
immediate removal with resultant loss or control of the fracture, but 
may be postponed till there is no lateral instability In the rare 
acute cases a decompression of the wound is necessary to provide 
adequate drainage Later on the foreign bodies may be removed 

2 Atrophic non union Following the insertion of large amounts 
of metal this may occur, and is characterised by a complete lack of 
new bone formation Removal of the plates and external support is 
often followed by satixfactorv osteogenesis Freshening of the 
fractured ends of the bone may be earned out at the same time 
Rarely a bone graft max be neeessan 

3 Palpable metal A screw head which is subcutaneous may 
become tender 

4 Formation of sinuses These often close in the course of time < 
without removal of the metal if they are not due to acute infection ‘ 
{seep 123) 


operative treatment of fractures uj 

lias been found to bo an umsatisfnctorj procedure m the treatment of fractures 
of tlio long boms, with tho exception of tho oltcinnon proctwi of tho ulnn 

‘(9) Operative tn.ntim.nt should not bo regarded as a method to bo 
employed in conn. qumco of tlio failure of non operative measures, as tho 
results of hicondarv operations compaic vu> unfavournblj with those of 
unmidiuto operations 

‘In order to secure tho most satisfactory results fiom operative treat- 
ment, it should bo ixsoitesl to ns soon after tho accident as piacticable 

‘(10) It is necesaiity to insist that tho operative ticatment of fractures 
requires special skill and experience, and such facilities and surroundings as 
will ensure asepsis It is thcicforc, not a method to bo undertaken except 
bj tlioso who have constant piactico and experience in such suigicnl pro 
ccdures 

“(II) A considerable pioportion of tho failures of operative treatment 
aro duo to infection of tho wound, a possibility which may occur oven with 
tho best technique 

‘(12) Tho mortality elircctlj duo to tho operative ticatment of simple 
fractures of tho long bones lias been found to bo so small that it cannot bo 
urged as a euflicient leason against opeiatno treatment 

“ (13) For surgeons and practitioners who aro unable to avail themselves 
of tho operative method, tho non operativo piocedurcs aio likely to remain 
for somo tuno jet tho moto safo and serviceable ” 

Instruments Used in the Operative Treatment of Fractures 

A Cleamnq up 1 rolled ( 

1 Bowl of etl er soap 

2 Bowl of stordo water 

1 Bowl of lodino or spirit 

4 Drj gou7o swabs 

5 Scissors 

6 Dissecting forceps 

7 Sterile towels 

8 Esmarch’s bandage-, (2) 

B Operating Set Platmg of finctuics, Screw Fixation, or Grafts 

1 Scalpels (2) 

2 Dissecting foiccps, toothed (2) 

3 Directing foiccps, untoothed (2) 

4 Blunt dissector, Macew ail’s 

5 Spoon, Volkmann s 

6 Rotractois, single (look 

7 Retractors doublo hook 

8 R* tractors, J-angenbeck's 

9 Levirs, bone, Lano’s (21 i 

10 Periosteal elevator, FaiabocuPs 

11 Periosteal « levator, Macew in s 

12 Scissors, Mavo’s curved, Straight (2j 

13 Bono holding forceps. Lane's serrated (2) 

14 Bono holding forceps, Lano’s toothed (2) 

^ 15 Plato holding forceps 

16 Screw holding foiccps 

1 7 Plates 
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fractui e is exposed and the Knschner \vne passed down the shaft of 
the bone towards the olecranon It is drilled through this till it 
protrudes behind and is then withdrawn into the end of the proximal 
fragment The fracture is then aligned and the Kirsehner wire 
pushed across mto the distal fragment In the radius a Kirsehner 
wire may be introduced mto the radial styloid and down the shaft 
but it is technically difficult Usually other methods of fixing the 
radius are more satisfactory (see Chapter XXLf) 

B M A Report on the Operative Treatment of Fractures 
In 1910, as a result of the acute controversy around the subject 
of the operative fixation of fractures, a committee of the B1IA was 
appointed to report on the subject The high standard of this com-, 
mittee needs only the names of Victor Horsley, Wilfred Trotter and 
Rutherford Morrison to be mentioned to testify it It is appro- 
priate here that their findings should be reported as tho passage of 
thirty years has not altered their validity m any degree, and they 
balance nicely the position of the immediate operative reduction of 
fractures 

“(1) The statistic 5 ? relative to the non operative treatment of fractures 
of the shafts of the long bones in ehildien {under tho age of fifteen years), 
with the exception of fractuies of both bones of tho forearm show as a rule, 
a high percentage of good ipbults These aie unlikely to be improved upon 
materially by any other method of treatment Operative results m children, 
expressed m percentages are approximately the same as non operative 

(2) It is possible either bv non opeiative or by operative treatment to 
obtain a high percentage of good results in children 

4 (3) In comparison with tho non operative tesulls m children, the 
aggregate results of non operative treatment m those past childhood (te 
over the ago of fifteen years) aro not satisfactory 

** (4) Irom the analysis of tho age groups it w clear that there is a pro 
gvessive depreciation of the functional result of non operative treatment as 
age advances that is to s,a\ tho older tho patient tho worse tho result 

(5) In eases tieated bv immediate operation the deleterious influence 
of ago upon the functional result is less maikcd 

* (6) In nearly all ago groups operative cases show a higher percentage 
of good results than non operative eases 

‘ (7) Although the functional result may bo good with an indifferent 
anatomical result the most errtam wav to obtain a good functional result is 
to secure a good anatomical icsult 

“ (8) No method whither non opirativt or operative winch docs not 
definitely promise a good uintomiral icsult should be ncct pted as tho method 
of choice For this reason mobilisation and massage by themselves havo not 
been found to secure a high fxmntagi of good it suits They am however 
valuable supplementary methods of tr, atmrut 

‘Similarly, of operative methods those which secure reposition und 
absolute fixation of tho fragments yuld better results than methods which 
fall short of this imperfect fixation of the fragments by wire or other sututa 
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CHAPTER XI 

THE WAR SURGERY OF FRACTURES 


0* tho unholy profits of war the leist contemptible and the most 
direct is tho ad\ anco m the know ledge of w ound surgery 1' rom tho 
da}s when Ambrose Parc first noted that the wounds of the uncau- 
tensed were ill better condition than those treated with scalding oil 
and tar to tho present day the advance has been stead} The 
incidence of war has paradoxical!} increased with tho knowledge 
gamed, and the last two wars with their wealth of clinical material 
have brought tho most startling advances The war of 1914-18 
fought m the eri of dressings and antisepsis has given way to the 
- era of no dressings and asepsis In 1914-18 the knowledge of wound 
shock and its treatment — and the dev elopment of skeletal traction, 
arc the two gieitcst advances In this war the use of the closed 
plaster and the development of the chemotherapeutic drugs are the 
vanguards In between the wars, the organisation, segregation and 
specialisation of tieatment of fractures has gradually advanced, 
grow mg m great part from the work of Bolder, who first emphasised 
the economic adv antages of segregation and earl} correct treatment 
The widespread improvement in technique and treatment in this 
war is due as much to the bod} of organised men on which it was 
possible to draw as to the newer methods 

Modifications of method entailed by war The object of a 
fracture service is the provision of the most highly skilled service 
available, at the earliest possible moment after injury It is in tho 
^ first few hours after tho infliction of a wound that surgical treatment 
is decisi\c No amount of after treatment m skilled hands can alter 
the after effects of preliminary disasters Though this ideal remains 
the same m war, it remains more remote by reason of delays and 
difficulties The lack of sufficient trained personnel makes it ncces- 
sar} to ensure that the methods adopted and taught to tho less 
specialised arc safe and simple and give the best results m tho 
a 2g r cgate of cases Nccessanl} this is not alw a} s ideal, but is ideal 
under the prevailing conditions of war 

Of paramount importance in handling casualties is evacuation, 
and attention is rightly concentrated on this No treatment othei 
than that necessary to forward a man along the chain of evacuation 
should bo carried out until the conditions for mterferenee and after- 
r care are stable and satisfactor} , m other words, until a man lias 
reached a stable unit AFethods which are quite safe and comfortable 
hav c to be w oikeil out and in this there h is boon i ticmendons adv amt, 
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18 Screws 

19 Screwdnver 

20 Dnll, pneumatic, electric, or hand (Foi graftin g must be motor dm es 

21 Bits One thirtv second to one sixty fourth smaller than screws 

22 Circular saws on spindles To fit drill chuck, of which Jacobs is bi 
tj|» 

23 Counter sink bit 

24 Bone nibbling forceps 

25 Gouges, bone, and h inch, tlocplj curved 

26 Chisel, £ and $ inch vrulo 

27 Hammer 

28 Sequestrum forceps 

29 Needles round bodied and rutting edge 

30 Needle holder 

31 Suture material , thread catgut and stainless ateel wire 

32 Spencer Wells’ forceps (6) 

33 Allis' forceps {&) 

34 Moynihan's towel clips (2) 
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includes incision , that is, the opening up of possible pockets of the 
wound so that a widely open sauceriscd wound is the result In 
cutting fascia for this purpose it is often desirable to incise it trails - 
\ersely so tint the ends will retract, and not longitudinally, when 
the cut edges 11113 pull together with extension and rapidly close off 
the space below This is particularly important 111 wounds of the 
thigh and calf 

Dcla>cd or secondary suture The undesirable was to of time 
between the establishment of a granulation tissue bed and epithelial- 
isation can bo greatly reduced in many cases by the use of skill gralts, 
either free or pediclo,‘or the secondary suture of the w ound In cases 
returned from “ forward areas,” this can often bo carried out with 
success before tho end of the first week TJ10 stages at winch a 
wound may bo suitable for closure may be outlined as follows — / 

1 Within tho first week Tho wound looks clean There is no 
active granulation tissue bed and tlicie is minimal discharge 
Secondary suture with limited excision is carried out (or skin 
graft! 

2 Between ten to fourteen dajs There is a well established 
granulation tissue bed but adhesions are not firm Discharge is 
moderate m amount Tho wound may be prepared by saline com- 
presses and powdermg with penicillin and sulpliathiazole for two or 
three da}s 

Bacteriological examination may bo of assistance to exclude 
heavy infection with streptococcus liaemolyticus or staphylococcus 
aureus mimical to taking of grafts and satisfactory suture Moderate 
excision end removal of granulation tissue is necessary to approxi- 
mate the w ound 

3 After twenty-eight days A firm granulation tissue bed and 
adhesions are found, and wider excision and mobilisation of tissue 
will be needed, or the surface of the wound may be grafted 

Causes of failure with secondary, suture 1 Excessive 
tension m tho skin flaps 

2 Inadequate haemostasis 

3 Heavily infected wounds Do not suture when tho patient 
lias a temperature or when oedema is present around tho 
wound 

4 Poor general condition of a patient Maintain tho haemo- 
globin abov o 80 per cent and gvvc full diet 

The advantages to bo gamed from the early closure of a wound 
are many, chiefly the avoidance of undesirable adhesions, the 
r healthier scar obtained, and the possibility of earlier and safer 
interference if subsequent procedures such as bone grafting have to 
be carried out 
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The time for surgical interference is the time between the mflie 
tion of a wound and the invasive stage of organised bacterial warfares 
Any medium which delays the invasion of bacteria will therefore be\ 
of paramount importance in lengthening the time in which inter 
ference is safe and giving* longer time for transfer The sulphona 
mides and penicillin have proved of tremendous v alue in this respect 
— both the internal administration and the direct application of the 
drug to the wound being of value By this means, it has been found 
possible to e\cise wounds thirty-six to forty eight hours after infliction, 
where normally twenty four hours would be regarded as a reasonable 
limit A second and equally important effect has been the reduction 
of dangerous sepsis and the complications therefrom The delay in 
bacterial multiplication produced by the surface application of the 
drugs gives a little longer for the tissues to organise their own defence 
and reduces the spread of infection As a result of this, wounds' 
which would have previously required amputation may be gn en a 
trial on conservative treatment and should this fail and amputation 
prove necessary, the amputation, though m the presence of sepsis, 
can be carried out safely at the most suitable level On the secon- 
dary advantages of chemotherapy m infected wounds, we have not 
time to speak here, but a little more w ill be found on p 82 

Closure of wounds In a compound fracture without serious low 
of skin, it is often a point of fine judgment whether or not the wound 
should be closed Primary muon may save months of open drainage 
from an osteomy ehtis Closure may result m mfection spreading 
under pressure and complications which threaten the limb or even 
life Especially is this likely to be so where no rest and no con- 
tinuity of treatment can be given the patient It is therefore 
incorrect under war conditions to close any but the most trifling 
wounds This is not to be accepted as proving that under different: 
conditions m civil practice, with early interference, ideal operating 
conditions and immediate rest, the same thing should be done If 
the wound has been dusted with sulphathiazole and drained, no 
damage will ensue even if primary union does not take place , and 
observation will soon show whether an undue risk Ins been taken 
and a change to packing and open treatment is adv zsable 

Under battle conditions comfort, safety during transport and 
uniformity and speed of treatment are best secured by' adequate 
excision of wounds ‘ frosting with a mixture of aulphamlamide 
and penicillin (p 83), light packing of the wound with gauze 
and a closed plaster This may be remov ed at any period along the 
line of ev acuation that seems desirable or is indicated by any altera * 
tion in the patient’s condition 

Emphasis must once again be Hid on the fact that excision also 
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The arm ami forearm In the uppu limb there \uis a tendency 
'm compound fractures of the humerus to immobilise the arm on a 
tlioraco brachial plaster in abduction Experience lias shown that 
this is undesirable from the point of transport and surgically seldom 
necessary Fractures of the arm aie better immobilised by a U- 
shaped slab, with the arm lying agunst the thorax The side of 
tho thorax is then padded to make it he comfortably and the whole 
arm fixed to the side by plaster (Fig 78) In less complicated cases 
circular bandages and a sling can be used to icplacc the thoracic 
plaster Fixation of the forearm will depend on tho degree of 
immobility desired It may' be supported by' tho sling, or a con- 
tinuation of the arm plaster to the metacarpal heads may be incor- 
porated m tho plaster turns around the chest 

The forearm alone is satisfactorily immobilised by a plaster slab 
The thigh and hip It is always difficult to apply a satisfactory 
plaster spica under anastliesia, padded or unpadded Being awk- 
w ard to nurse, it is particularly' undesirable when tho patient must 
be transported The plaster spica has its place in treatment, but 
that place is not far font ard in the line of evacuation Methods have 
necessarily been sought to replace it and these have been much 
modified mdiv idually 

The femur Tin tobruk piaster, and modifications This is 
a combination of the Thomas splint and plaster After adequate 
toilet of the wound, skin traction is applied by one-way stretch 
Elastoplast, pads bung placed over the malleoli Stockinette and 
cotton wool or stockinette alone may be placed over the leg to 
prevent adhesion of the plaster to the strapping The leg is then 
placed on a Thomas splint in tho ordinary manner The slings being 
m position, a large pad of cotton wool, 8 inches by 6 inches by d 
inches, is placed behind the knee Care is taken in the case of 
anterior wounds to see that the slings are tight and that the whole 
kg lies well m front of the bars of the Thomas splint This enables 
inspection of anterior wounds to be carried out subsequently without 
the bars obscurmg the sides of the limb If the w ound is a posterior 
one the limb may be allowed to fall through the bars to some extent 
to facilitate inspection of the posterior aspect of the limb Tho 
fracture is then set m as satisfactory a position as is possible by 
traction and adjustment of the pad and sling, and the traction tapes 
tied firmly around the lower end of the splint If a large ring 
Thomas’ splint is being used, difficulty may he met with, as it rides 
off the ischium and presses on the perineum Tins may ev en cause 
r retention of urine, a serious disability during transport To offset 
this the diameter of the ring may be decreased bv one of two 
methods — 
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Transport Plasters 

Tlie plaster which is ideal for transport must comply with certain 
conditions — 

1 It must be sufficiently stable to prevent movement of the 
bones and soft tissues , 

2 It must offer no possibility of constriction , 



frio 7(1 Transport methods of 
fracture of the humerus — 
fixation of the humerus by a 
U shaped slab running o\«.r 
the shoulder If there is an 
accompany mg radial ner\ o 
lesion or a fracture of the 
forearm a slob may bo laid 
along the forearm os shown 
by the dotted lines 



Fio 77 For simple fiacturcs 
of the arm after fixation, it is 
sufficient to support the fore 
arm m a sling and bandage the 
arm firmlj to the chest with a 
wool pad m the axilla 


3 It must be readily remov able for inspection if possible u lfchout 
disturbing the fracture , 

4 It must be marked with the details of the lesion and treatment 
for ready reference 

Under these conditions the skin- 
tight plaster is unsuitable and has to 
be replaced by the padded plaster Pad- 
ding should be judiciously used, confined 
ehieflv to the area where swelling is 
expected and to the bony prominences 
It should be e\ enly applied and com- 
pressed to about | to ’ inch m thick- 
ness A clumsy, ill p ldded plaster fails 
l io 7h In compound frar to grip the limb and provide adequate 
ture* or m fractures of thi fj^tion Where a tighter plaster has 

arm and forearm tlio *>labs , , „ „ & 1 

aro cohered b> plaster paddtd to be applied for fixntivo purposes it 
lightly and moulded around ghould be split down its full length 
tho arm No circu ] ar bandages should be applied , 

below the plaster ns they ma\ not be di\ ided in splitting tho plaster 
and so act is i cause of constriction 
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It is important that the foot be held at right angles to the limb 
»uul that the toes bo protected from the weight of the blankets If 


D 


Fia 81 bcction of tlio funur Ijing in a transport plaster 
A Colton uool pad 
II Femur 
- C Plaster 

D bido bar of Thomas splint 
E Sling 

the leg has been enclosed m a short plaster for other injuries the 
plaster should extend bejond the toes This will provide sufficient 
support If the leg is uninjured a Thomas’ footpiece is strapped on 



82 Section of 1 ho mas splint at piano of ring showing ono method 
of narrowing tho ring of the pplint to obtain a better fit 
A Ring of splmt 
13 Folded o\ er planter slab 
C Felt strip on skin o\er tiocliantir 
D Section of trochanter 
1 Ischial protruberance 

ptc the splmt Tins should be high enough to take the piessuio of the 
blankets off the toes A piece of gaingee is placed on either side of 
the foot and the ganigee, foot, and side bars of the footpiece ineor- 
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(a) It may bo filled with a large pad made of cotton wool wrapped 
in a few turns of plaster The plaster must not be sufficiently thick 
to make a hard surface on. setting and is used merely as a covering 
This pad is placed between the trochanter and ilium and the nng of 
the splint It moulds itself to the tissues and the rmg and so does 
not slip out or alter its position, the setting of plaster assisting in 
retaining it m place 

(b) A felt pad may be placed oxer the trochanter and outer part 
of the thigh A plaster slab 15 to 20 inches m length is then placed 



Fio 79 A fracture of the femur bang an -slangs an a Thomas splint 
Xoto pad over trochmtea to decrease the diameter of the ring of the 
splint pad behind hno« and {ho shin traction on tho leg In the case 
of on associated fracture of tho leg tins can bo replaced bj a short 
padded leg plaster 



hio SO The complete transpoat plaster — a modified Tobruk tjpo 
The leg os shown in big 79 « covered with a lo>cr of wool befoia 
the appliiatiort of the plaster Note tho pinching in of tho planter 
{Fag 81} on either side The foot is (supported by a plaster cuff 

o\ er the outer poition of the ring and split opposite the side bar of 
the Thomas’ splint It ss then moulded o\ er the rmg on both sides 
so that it fills the gap between the rmg and the felt (Fig 82) 

Hating fixed the binb hrmh on the splint the fiont of the thigh, 
knee and leg i3 padded with cotton wool The whole limb md 
splint is then enclosed m plaster which is moulded m at either side 
(Fig 81) so that the bide bars are included m «j plaster U and tho 
cross section of the limb lesemblcs a ball of plasticine pinched out 
on each side To do this the plaster must be left slick antenorK It 
is then well moulded nound the limb is it seta 
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mcnts do not hinder union and may bo incor- 
porated in the callus (Fig 83) Larger metallic 
fragments should ho icmovcd if tlic> are readily 
icccssiblc Tiiej should bo sought for specially 
if — 

1 There is progressive li vmorrhngc in the soft 
tissues around thorn 

2 The fragment lies in «i joint 

3 The fragment is in the vicinity of a large 
vessel or nerve 

4 If it is excessively lirge 

5 If it is palpable 

Wounds from larger foreign bodies fall roughly 
into two mam categories Those with a clean 
“entry and exit wound and little evidence of tissue 
damage Those with a jagged entry or exit 
wound and obvious tissue destruction below The 
first group, t e , the clean bullet wound, merely 
require toilet of the entry and exit wounds, and 
dressing, unless there is continued haemorrhage 
Infection is rare in such wounds and usually not 
serious In the second group of cases the exposure 
of the damaged soft parts which is necessary } 
usually results in the finding and extraction of 
the foreign bod} Where small fragments have 
produced considerable tissue damage, and then 
ricocheted to a position where their extraction would be difficult, 
they may be safely left (Fig 84) 


tio SI Satisfac 
tory union of 
fiacturoin bpjto 
of tho inclusion 
of man> foreign 
bodies 



Hu 84 Compound comminuted fiacturo of ulna duo to a bullet secnljing 
o\tr the radius Note Union has occurred though thei o is a htqut * 
hum picbdit the marked o&teopoiOMa of tho carpal bones 


C ire must be taken to conserve fragments of bone with any 
lUichmuit oi if luge md lying ficc, is lcmoval of too mam such 
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porated m a few circular turns of plaster In other woids, the foot 
is maintained in dorsiflexion by a similar means to that used fos 
fixing the limb \ 

At the end of the proceeding brief diagrammatic and written 
notes of the injury and its treatment should be recorded in indelible 
pencil on the plaster 

The iiip Immobilisation of injuries in the region of the hip 
joint is difficult to carry out satisfactorily The plaster spica is 
unsatisfactory for reasons previously' given A useful temporary 
method for transport is provided by the abduction frame for the 
lap This enables rapid fixation of injured loner limbs and so 
shortens operating time It may be invaluable for transport or for 
fractures of the femur complicated by other injuries Various 
combinations of traction on the lower limb and plaster may be used < 
with it * 1 

Amputations Closure of an amputation wound is similar to the 
closure of a compound fracture, and for the same reasons is madvis 
able m forward areas If the tissues are left widely open there u> 
little to limit their movement and patients with a guillotine amputa 
tion protected only by r a dressing travel badly For this reason 
where possible flaps should be cut and lightly stitched together over 
i gauze pad which may protrude at either end for drainage The 
fixation of the soft tissues by this means greatly increases the 
comfort of the patient 

As secondary amputation may be required all amputations 
should be carried out at the lowest possible level It is often con- 
venient to amputate through a fracture site, and amputations 
through joints should not be scorned as they expose a much smaller 
area of soft tissue to infection (see also p 103) * 

War Fractures and their Complications 

1 Compounl fractures from mvailefi Xo new complications aie 
raided by this form of injury', but the common complications of 
compound fractures are met with w an exaggerated foim Soft 
tissue damage may be heavy, particularly' on the side of the exit 
wound Comminution m injuries to the shaft of a bone may bo 
marked and there may be considerable loss of bone, while foreign 
bodies may be widely scattered through the soft tissues In contrast 
to tins a neat hole may be drilled by a high v elocity bullet through 
the cancellous end of a bone with relatively little damage In 
general, small metallic foreign bodies without gross tissue injury may 
be neglected They should be removed if visible or palpable m the 
general debridement of the wound but should not be specially 
bought for m tissues at a distance from the wound Metallic fra g 
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chemistry suggests that other factois tlum mcio mterfcrcnco 
filtration arc damaging renal action Treatment is directed towards 
slowing the release of the toxic products from the 'limb into the 
general circulation If a lnnb is to ho amputated tho tourniquet 
should be left on until the last moment to axoid absorption from tho 
limb Cooling tho limb to prexent rapid lovasculnnsation may bo 
mauitamcd at the same time as the general bod} warmth js raised 
The immediate mtraxenous administration of plasma and saline 
with alhabs is essential in sex ere cases 

6 The increased use of blood transfusion and of plasma hax c been 
of enormous adxantagc m sax mg life These materials have been 
brought up sufficiently close to tho front line and m sufficient quan- 
tities to make the impossible possible The use of tw o pints of plasma 
to one of xvliole blood has become established as a proportionate 
dose to axoid corpuscular dilution In cases of pure hcemorrhage 
xrholc blood should be used, but a small proportion of plasma maj 
be gixen to supplement it Recognition of sub groups as the cause 
of minor degrees of incompatibility has been greatly advanced 
Scientific control of tho condition of the blood can be greatly assisted 
b} pathological reports from tho laborator} 

End results The opportumt} to assess the functional results 
following injuries and tho desire for an early return of function has 
led to a closer stud} of the effects of xanous forms of treatment 
This has been facilitated by the preliminary knoxv ledge of tho 
patient’s ph} sical fitness, as prox uled by his medical category beforo 
injury 

Comparison with his categoiy subsequent to injury enables the 
recent and remote results of injury to be carefully checked In 
certam cases, such as that of trauma to the knee, this has resulted 
in. undue criticism of treatment Damage to a meniscus is not likely 
to be the only injury follow ing trauma to the knee Closer follow up 
has shown the frequent association of ligamentous injury and it is 
this factor xxluch usually compels re categorisation, not the results 
of the operatix e removal of the cartilage as is frequently suggested 

The reconsideration of cases from tho functional standpoint has 
demanded an absence of sequela! and an early return to duty In 
the folloxxmg injuries some modifications of older methods have been 
found necessar} to attain this goal — 

1 Fractures of (he fingers and metacarpals As early use of tho 
hand as is compatible xvith the injury is essential Tins has been 
^ insisted on before, but is now carried to the extreme of axoidmg all 
splinting unless absolutely necessary and insisting on active mox e- 
ments of the fingers fioin the commencement of treatment Thus no 
attempt is made to fix single oblique fractures of the metacarpal 
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fragments may establish a complete non union with a wide lossof 
bone tissue Excluding these cases the average case unites final} 
and rapidly with satisfactory’ and early callus if infection has not 
supenencd lien infection is established progress is slow, but 
ultimate union is usually satisfactory In the region of the hip 
drainage is apt to be unsatisfactory^ue to the depth of tissue and 
c omplicated fascial planes For such cases a wide wedge excision of 
tissue* often including the head and neck of the femur may e\ entualh 
be necessary 

2 Fatigue fractures A much higher incidence of tiicae fractures 
m the metatarsals has been noted due to the strain of heacy’ training 
on the adolescent Similar fractures in the tibia, the lower third of 
the femur, and the neck of the femur hat e been noted (see p 514) 

*1 Fractures of the talus and tarsus The lugli incidence of 
fractures of this bone amongst airmen has always been recognised, 
and the large number of cases occurring in the RAF has shed new 
light on the mechanism and treatment (see p 5“*1) Mine explosions 
produce complicated compound foot injuries, often best amputated 
(see p 194) 

4 Burn* and fractures The unpleasant combinations of these 
injuries in airmen and tank crews may set difficult problems in 
treatment Skeletal traction is unwise if the burnt area is likely to 
become second anl \ infected around the pm The use of a sulphotula 
rnide wax dressing under a plaster cast may’ be helpful Where 
skeletal traction can be u*ed, encircling burns of kmbs may’ be 
enclosed m an em elope of the Bum an Stannard type between or 
distal to the pms Should i compound wound be surrounded with a 
burnt area the same treatment max be employed Irrigation with 
saline Uvyocldnnd/i oc yecucdlux salutum replaces, the xaseluue yack 

5 The crush syndrome In rnihan injuries from falling buildings 
and in the prolonged use of the tourniquet tins syndrome may be 
met with It has certain similarities to the syndrome which follows 
incompatible blood transfusion It is characterised by general 
features due to disturbed renal function and local changes m the 
injured limb of a circulatory nature Thus the bmb may become 
swollen pale, and tense Artemi pulsation is reduced or absent 
and distal gangrene not uncommon The blood pressure rises, the 
patient is liable to frequent vomiting and there is a ranable mental 
disturbance The output of urine is rapidly reduced, is luglily acid, 
and in early specimens im oliaemoglobm makes its appearance 
Recovery is ushered m bv diuresis In fatal cases the renal failure 
continues and the blood urea rises Proof that the damage to the'*' 
hidnev is due entirelr to the deposition of ha matin in an acid urine, 
with resultant tubular blocking is lacking and the disturbed blood 
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alleged late vascular disturbances in the akin of the stump In 
general the weight amt efficiency of artificial limbs has been so 
much improved that tho contrast between retaining a damaged 
limb and being limbless is no longer so prejudicial to amputation 
Where it is obvious that tho patient’s general condition may 
deteriorate is the result of prolonged sepsis, or the efficiency of the 
limb if retimed will be low from muscular adhesions, \ascular dis- 
turbance or associated lien o injury then amputation is to bo urged 
After amputation the functional use of the stump is to be insisted 
on rigorously as it would ha\c been in the digits of tho affected limb 
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even if slight shortening results Fractures of multiple metacarpals 
never have the individual fingers splinted unless the displacement is ^ 
gross Sufficient support can be giv cn to them by a plaster extending v 
to tlie metacarpal heads on the dorsum of the hand In fractures of 
the fingers it lias been found unnecessary to splint the majority as 
there is little tendency to rcdisplaccmcnt after reduction Where 
deformity recurs splinting foi a minimal period is Ubed 

2 Fracture* of the metatarsals The stiffness of the tarsus and 
foot in general so apt to follow immobilisation is best avoided by 
allowing early active use of the foot This is a natural deduction 
from the success met with in tie.it mg march fracture by light 
activity in boots Under such treatment the patient is soon capable 
of light duty and the total disability time is much reduced 

3 Fractures of the calcaneus The conclusion that this fiacture . 
is best treated by early active exercise of the foot and ankle without 
weight bearing was gaming ground before the war and has been 
reinforced by experience during it No indication for active inter 
fercnce is provided by anything other than gross anatomical 
deformity This is reduced by any of the available methods and 
retained by' a plaster Treatment by continuous traction is avoided 
if possible 

4 Fractures of both hones of the leg In spite of the gi eat improve 
ment m the position obtained by reduction with modem methods, 
this has not been found sufficiently good judged by' the high standards 
of physical efficiency demanded by' the Army Open operative 
reduction has thercfoie gained much m popularity and is described 
m full on p 124 

5 Skin graft The increased use of skin grafts m the healing of 

wounds is directed towards hastening functional ieco\ery The 
desirable co-operation of orthopaedic and plastic surgeons is growing 
and it is becoming clear that traumatic surgeons must hare con- 
siderable plastic knowledge to gam the best results The uses of 
grafts are numerous The immediate w hole thickness graft over the 
pulp of the finger may save amputation of the terminal phalanx 
Later the cleanly granulating wound may be rapidly closed by a 
Thiersch graft The early use of Thiersch grafts m open wounds 
which remain uninfected between the fourth and the tenth day may 
produce a dramatic hastening in the time of repair Large areas of 
scar tissue preventing adequate approach for orthopxdie operations 
may be replaced by pedicle grafts, enabling secondary operations 
through healthy skin to be earned out , 

6 Amputations The elective sites remam The opinion as to 
which sites should be elective vanes The Syme amputation though 
found effective by the Canadians is unpopular m England from its 
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demands of all fractures The apparatus uccujwary for tho operativo treat 
(tnent of fracimes is lifted at the mil of Chapter 10 

1 The bed For the p iticnt’s comfort and nursing com cmence 
it is important that this should be s itisfactory ilost of the advan- 
tages of complicated beds call be obtained more cheaply and equally 
sitisfactorilj bj additions to an ordinary iron bedstead Such a 
bed should hue a firm iron frame and Mire mattress on which 
fracture boards can ho placed A convenient height for this mattress 
is 26 inches from floor to Mire The stuffed mattress should he firm 
and even, and for tills horsehair mattresses cannot be bettered 


^ Fia hj Suitable fracture bed arranged with hand pulley, iron Balkan 
btama (now onlj occasionally required) and fracture boards The 
end of the bed is elevated on wooden stcp3 the most suitable assistance 
for high elevation For low elevation tho blocks on tho floor maj be 
u-=ed 



If a divided mattress is available, with a removable central portion, 
the use of the bedpan will be facilitated All beds must have an 
attachment at the bach so that the overhanging pulley may be 
provided for the patient to elevate lnmself In place of this a fairly 
low Balkan beam may be used which has the advantage of allowing 
the patient to iun hand ovei hand down it and so flex himself to 


any degree, and thus obtain valuable exercise for the spinal and 
other muscles 

f “ Blocks The elevation of the end of the bed to obtain 
counter traction from the body weight is constantly required and 
uiay be made on blocks of varying height (6, 0, 12 and 15 inches are 
useful heights), adjusted to the pull required and the w eight of the 
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APPARATUS 

Tun following is a slioi t hat of tho accessary general apparatus for the 
handling of casos according to tho methods outlined in this book The 
apparatus is dcsctibcd in moro detail in tho paragraphs following 

1 Suitable bed % 

2 Bod blocks or stand, pulleys fracture boards 

3 Orthopedic tublo or pelvic rest mid apparatus to UsO as a 

substitute 

4 Counter traction bands and wall hooks for their fixation 

5 Kirschner wires and apparatus for their introduction and reten 

tion or 

6 bteinmarui’s pins, and apparatus for their introduction and reten- 

tion 

7 Screw traction apparatus for tho leg, Boldcr's or Watson Jones 

8 Screw traction apparatus for tho arm (Bohler’s) This is not absolutely 
necessary as tho leg apparatus mn\ b<J used instead 

9 Braun s splints With single and multiple pulleys 

10 Thomas splints For tho leg and arm 

11 Abduction splints for tho ann 

12 Cramer wire m assorted widths 

13 Finger wires 

14 Felt, plain and adhesive 

15 Walking irons rocker soles or plastci ovcishocs 

16 Sponge rubber 1 inch thick for heels 

17 Mastisol 

18 Unna’s paste 

19 Stockinette 

20 Strapping, single and double stretch 

21 Wooden tongue spatulas and spreaders 

22 Cord, hooks separate pullevs and weights 

23 A spring balance (0 to 60 lbs ) 

24 Starch bandages 

25 Elbow goniometer 
28 Copper wire 

27 Osteoclast Only occasionally used not a necessity 

28 Calcaneal clamp 

29 Indelible pencils 

30 Plaster scissors, Stockholm plaster shears, plaster case openers and 
old scalpels 

3f Knee exercise bar 

32 An arm abduction apparatus for traction on tho arm with the bent 
elbow 

33 Plaster as described in the subsequent chapter on that subject 

"With the exception of the objects commented upon the other requirements 
may be regarded as absolute necessities if one is to be equipped to meet the 
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„ simplest form consists of a metal horseshoe with two clamping screws 
r it either end, and adapted to take a strainer With one screw 



Fie s7 An effects o \ anety of Kirschner wire drill 




clamped down the wire is tightened and is held taut by tightemng 
the second screw Strainer and excess wire aie then removed 
For cutting Kirschner w nes a specially strong 
type of wire cutter is required 

G "Steinm 4NN*s pins These are stain- 
less steel rods of varying diametei fiom 2 to 
4 millimetres One end 
is sharply pointed and 
the other squared for 
the introducing handle 
They may be hammered 
through bones like tlvo 
calcaneus, or drilled 
through as though using 
a bradawl by the intro- 
ducer We have found 
the most satisfactovy method is to drill the 
bone first with a small wood tiyist drill of 
smaller diameter, and then insert the pm 
through this hole It gives one accurate con- 
trol over the direction of the pm and is com- 
fortable for the patient The pms are held 
m stirrups which aie attached to either end 
by a collar and screw so that the stnrup cm lotate without 
rotating the pm A rotating pin is a common cause of sepsis m 
the pm hole 



Fig 88 A Kir&chner 
wire strainer and 
tractor combined 


~V ■£=- 

1 iG 89 Steinmarm s 
pin and stirrup i 



[G 90 Steuimann’s 
pm and mtioducer 
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patient, or on a wooden step ladder on which both legs of the bed 
are placed This is the more stable arrangement when the foot of 
the bed js elevated over one foot 1 

3 Ortuopa-dw tuill The possess ton of an orthopedic table 
of the Hawley or Putti type is almost a necessity if much work oa 
the Jnp is to bt dot «, but for plasters without extension a pelvic 
rest with i small stool to go under the shoulders can be used The 
feet m this ease ato supported by assistants A -very convenient 
pelvic usfc is made for attachment to the Bolder leg traction splint. 



and this gives almost all the conveniences of an orthopedic to 
including leg traction, at considerably less cost {Fig SG ) 

4 CouNTEii-TKACnoif bands For many methods of leduct; 
and the retention of a fracture to bile plaster is being applied, coun 
traction is necessary and this is best provided by webbing ba 
attached to a hook in the nail some 6 inches xbo\ e the table heig 
The use of such a band is almost a necessity m forearm fracfcit 
(See Chapter XXII for illustrations of its use ) 

5 Kibschneb WTBE AiFABATtfs Tins consists of a drill, 
which there are many types, both hand and clectnc, and so 
apparatus for tautening the wire and maintaining it stretch 
There are many stirrups (oi tractors) designed for this purpose, 
more convenient consisting of tractor and strainer combined Q 
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incmsing pull cm bo put on the leg mul 
registered on the spring balance A third 
detachable upright is important as it can bo 
used to support the lower third 'of the hg 
which is hung from it by a bandige Tins 
frame can be combined with a pelvic rest 
and adjustable fpot piece, and so be used for 
traction on the straight leg It can be used 
also for forearm and arm fractures This 
piece of apparatus, with the addition of a 
pelvic rest piece, can replace a Hanley table, 
or bo used instead of an arm traction frame 
It can thus be a very useful and economical 
addition to one's apparatus Watson Jones’ 
apparatus is designed to avoid the action 
of grav lty, traction being applied to the leg 
m the dependent position (Fig 93) The 
apparatus is convenient for the leg, but not 
so adaptable 

8 Bohler’s screw traction apparatus 

for the arm This is occasionally useful, 
but the apparatus described above can be 
usod in place of it tlG Jones 

t» » . . . . Extension Apparatus 

9 13r\un s splint This skeleton splint r or t ho leg which offsets 
is a modification of Pettit’s trough leg splint, ill 0 clToct E ra ' ,t ) 

,_ r) , f \ , , ( Dou)i Bros ) I 

anu is a very convenient and adaptable 

splint for most fractures below the pelvis It consists of a rigid iron 
frame which sits on the mattress of the bed, and from this two 



G3S 



Fio ° i Bohler a modification of Braun a splint 
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7 BOULEZS SCREW TR ACTION 1 APPARATUS TOR THE LEQ ThiS^ 
consists of a rectangular tubular steel frame with uprights carrying 



i>xu 01 The Bohlcr leg extension frame A Extension screw B Pel'* to 
support used onlv with additional leg piece C Bor for support 
under tlio knee D Another \atiety of bent knee rest F Upright 
support used m calcaneal Fractures (boo I Jg bl-i) 

cross-bars One bar is placed under the flexed knee The other bar 
carries a screw w ith a w ing nut, which has a hook, attached, and to 



this the stirrup of a Steimnann's pin is attached by copper wire, 
with a spring balance intervening B\ tightening the wing nub an 


U’PAttATUS 

first aid splint, and is used w here it w desirable to treat the kg with 
the Knee extended With the knee-flexion piece it can bo used in 
the game minner ns the Hr urn’s splint, or it may be bent at the level 
of the Knee to obt un knee flexion Its chief disadvantages aro the 
discomfort of the i mg, paiticulnil} it the shoulder, and the fact that 
it needs some support, such is i Hilhan frame to tairy it When 


lio 07 Thomas splint used as described m 
method (a) 




Fig 09 Thomas splint used as described m | 

method (c) 1 

tlie splint is slung, how ever, it responds to the patient’s mov ements in 
the bed, without disturbing the fracture It therefore provides a degree 
of comfort which no splint firmly attached to the bed can do, and this 
alone justifies its usem any long term case, m preference to the Braun’s 
frame There are several methods of application of the splint 
(a) The strapping oi skeletal traction is tied to the splint and 
both pulled on together This releases the ring from pressure, and 
the bed must be elevated for counter traction 
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parallel non bars slope up to support the thigh, and then run parallel 
to the bed to support the calf and Itg Over the foot runs a steel ' 
arch, and to this are attached pulleys m the line of the femur The 
tv, o leg bars aic prolonged, and end m t pulley on the lev el of the leg 
By bandaging the parallel bai>> i trough for the leg m<\} be made 



The thigh portion should be bandaged firmly to make a flat surface, 
and the leg portion more loosely to allow the calf to sag into it 
The bandage should stop before the heel to prevent pressure sores 
The foot is conveniently supported by stockinette bandaged over 
nmstisol, or by strapping and a spreadei attached to the bar of the 



arch or pulled on lightly by a 1 lb weight passing over the upper 
pulley This is essential to steady the foot, and prevent foot drop 
10 Thomas splint This is another skeleton splint of ail 
adaptable nature particularly if it has a knee flexion attachment 
The leg Thomas consists of a padded leather ring attached at the 
angle of the grom to two iron bars winch run, narrowing towards 
one another, till joined transversely, at a variable distance from the X 
ring In the arm splint the leather ring lies at right angles to the line \ 
of the side bars, and is hinged on them In the leg splint it is placed 
obliquely to adapt it to the angle of the grom This is a most useful 
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while an iwutont holds the splint firmly up into the axilla 
5ver these an oblique bandage is placed, running over the opposite 
shoulder and around the bottom of the vertical bar of the splint, 
around which one twist is taken with every turn of the bandage 
to lock it These bandages need re apphcition in two to three 
dajs when they have stretched If they arc now ic-apphcd and 
covered with two starch bandiges the splint may be made firm for 



Fja 101 Abduction splint made of Cramer wire strips wired togotlier 
with copper wiro and padded A cheap and adaptablo splint 


two to three weeks It is very difficult to apply an abduction 
splint to an unconscious patient, and it is advisable to apply the 
splint before manipulations are commenced in cases in which 
a general anaesthetic is to be used 

12 Cramer wire Tins skeleton wire, consisting of strong wire 
uprights w ith lighter w ire cross bars resembling a ladder, is very 
^convenient material for making temporary splints The most 
comfortable of back splints may be made by wiring two lengths 



Fia 102 Cramer s wiro ladder splinting 


together to give rigidity and then moulding them to the shape 
of the posterior aspect of the knee, calf and heel, and padding 
them This makes an ideal resting splint for sprains, lacera- 
tions and cases sucli as* fractured patelhs awaiting operation 
Similar short splints for the hand, elbow, and forearm can readily 
be made 

13 Finger wires These consist of light iron wires bent as 
shown, and approximately 10 inches long with 1| inch side pieces 
They can be incorporated m a forearm plaster when traction is 
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(6) Tlie ‘jphnfc may bo used as a support only, and the extension 
be taken from the skin or skeletal traction apparatus Tins is the 
most useful and satisfactory method 

fc) Tlie extension may be made to run through a pulley attached 
to the splint so that there is an equal counter pressure on the ring 
of tlie splint If this is done the bed need not be elevated 

11 Abduction splints A great variety of these have been 
produced The greatest difficulty with this splint is maintaining it 
m position This is attained by the use of straps or bandages, and 
these need constant attention to prevent dropping of the splint, 
which then drags on the arm , and may produce the deformity it ia 
desired to correct Their correct application, so that the hand !■> 



m front of the face and the arm at an angle of 45° to the frontal plane, 
to relax the pectorals is also not easy to attain The splints used fall 
into three types (1) those used for support only , (2) those used 
for support together mth continuous traction on the arm, 
provided by a separate spring (see Fig 247} , (3) those 

in which the elasticity of the splint provides some traction on 
the arm 

An effective and useful splmt of the combined first and third 
types may be made from 3 or 4 inch Cramer wire suitably bent and 
wired together vi ith copper wire (see Fig 101) The splmt is padded 
carefully with tow or wool It has the advantage of being cheap, 
light, and readily adaptable to varying bodily habitus It is 
applied by bandaging the two body pieces firmly to the chest. 



APPARATUS 


no 


on of Colles’s fr.ictutcs, or in the application of plastc r for con- 
Lnuous skin traction Hcie it la advisable to paint the skin once 
eforc the application of the strapping, and then paint over the 
tripping when it is applied and cover the whole with a few turns 
f gauze b mdage 

IS UnnUs paste (Zmc oxide 150 grinis, gelatin 150 grams, 
;]} ccrinc 350 grams, w iter 310 c c Soak the gclatm in the water 
ill soft, add the glycerine, heat and adjust the weight with water 
o 850 grains Sift m the zinc oxide and stu till even Allow to 
at in a traj, \nd cut into blocks to be melted for use ) This is 
iscd in the tieitmcnt of varicose veins, but it can be used for skill 
traction or making elastic stockings It is applied with a large 
brush and punted warm on the skill A layer of gauze bandage is 
then wound evenly over this, and another coat of piste applied 



tiGj 10 j Materials for Oie application of Unna s paste stockings) 

This is repeated till three laj ers are e\ enly applied The application 
is hmshed by wiping the surface with G per cent formalin in spirit 
and covering the resultant moist surface w ith a fine layer of cellulose 
w ool “V iscopaste ’ ’ bandages are a corn ement proprietary prepara- 
tion, from which clastic stockings may be made Elastoplast serv es 
the same purpose, but is more expensive 

19 Stockinette This is a useful material for obtaining a 
smooth lining to plasters such as spinal jackets In limb plasters, by 
pulling it down over the end of a moist plaster satisfactory smooth, 
rounded ends may be obtained (see Fig 12G, also 501) 

20 Strapping The ordinary zinc oxide strapping sticks better 
^if the skin is painted with mastisol fii&t Where close application 

with increased flexibility is desired, e g , m supporting a joint, strap- 
ping with i single or double elastic weave (elastoplast) is moic 
feitiijfactoij, though tlicie aie ceit nil situations where this mcieased 
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required on a finger, and are then used unpadded, being eovml 
w ith strapping after incorporation in the plaster Where it is onij 
required to rest the finger it is 



Fio 103 "W jro finder splint, unpndtlcd 
and padded Compare Fig 44 

15 Kocker soies These < 


sufficient to use a padded splint 
tuned to fit the flexed finger and 
palm, and bound on with a gauze 
bandage covered with a starch 
bandage (Fig 44) 

14 Felt is a very useful pad 
ding material That with a stick) 
surface has its uses, but mastisol 
painted on the skin will enable 
plain felt to be put to a similar 
use It is used to cover pressure,' 
points in such plasters as that for 
a fractured spine, or to make a 
comfortable bearing surface in a 
walhmg plaster 

consist of a simple wooden or iron 


section of a small circle attached usually to a w ooden base jilate They 
are made in v anable sizes For an adult the base measures 7 inches 


by 3 inches and the attached curved portion, 5 inches with a maxi 
mum depth of 1 J inches They are cheap, easily made, and permit 
a more normal gait, avoiding the screwing action frequently seen 


with the walking iron (Fig 134) 

Walking irons These consist of a bent bght 
metal bar to which a rubber heel is attached They 
are bent in the shane of a U and incorporated in a 
leg plaster to bear the weight They are best applied 
by a separate plaster bandage after the leg plaster 
has set, to avoid the metal making pressure marks 
in the fresh plaster They are applied so that the 
centre of the bar is two fingers’ breadth below the 
plaster on the heel, and in line with the tibia and 
fibula (see Fig 134 and page 182) 

16 Sponge rubber Sponge rubber pads, 
1 inch thick and cut to a size of 3 by 6 inches, may 
be attached to the leg plaster by a few turns of 
bandage over the foot They have the advantage 



Fio 104 Walk 
log iron with 
attached rub* 
ber stud 


of allowing a more natural gait, but they must be protected by an 


overshoe of some description 




17 Mastisol (Gum mastic 40 parts, 01 Bicun 1 2 parts* 


benzine 100 parts ) This varnish provides a sticky skin surface 
which improves any grip on the skin, such as required in the reduc 
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tion of Colles’s fractures, or in the application of piaster for con- 
tinuous skm lr let ion Here it is advisable to paint the skin once 
before the ipplication of the strapping, md then paint over the 
strapping v\ hen it is applied and cover the whole with a few turns 
of gauze bandage 

IS Uvvv’s r\STr (Zmt ovule 150 grinis, gelatin 150 grams, 
glycerine 350 grants, water 350 cc Soak the gelatin in the water 
till soft, add the glycerine, heat and adjust the weight with water 
to S50 grams Sift in the zinc ovule and stir till even Allow to 
sit m a tray, nul cut into blocks to be melted for use ) This is 
used in the ticitiucnt of v income veins, but it can be used for skin 
traction or miking clastic stockings It is applied with a large 
brush and punted w inn on the skill A layer of gauze bandage is 
then wound evenly over this, and another coat of paste applied 



fins is repeated till three lay ers are ev enly applied The application 
is mushed by wiping the surface with G per cent formalin m spirit 
and covering the resultant moist surface with a fine layei of cellulose 
w ool “ Viscopaste ” bandages are a com ement proprietary prepara- 
tion, from which elastic stockings may be made Elastoplast serv es 
the same purpose, but is more evpensive 

19 Stockix ette Tins is a useful material for obtaining a 
smooth lining to plasters such as spinal jackets In limb plasters, by 
pulhng it down over the end of a moist plaster satisfactory smooth, 
rounded ends may be obtained (see Fig 12G, also 501) 

-0 Siium^G The ordinary zinc oxide strapping sticks better 
f 11 | le s ^ in 13 painted with mastisol first Where close application 
" lth Ulcr <?ased flcvibility is desired, eg , in supporting a joint, strap- 
l»ng with a single or double elastic weave (elastoplast) is more 
isfictoij, though there ait cert am situations where thismeieased 
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required on a finger, and arc then used unpaddtd, being covuid 
with strapping after incorporation in the plaster Where it is oruj 
required to rest the finger it is 
sufficient to use a padded splint 
curved to fit the flexed finger and 
pilm, and bound on with a gauze 
bandage co\ercd with a starch 
bandage (Fig 44) 

14 Felt is a very useful pad 
ding material That with a stick) 
surface lias its uses, but mastisoi 
painted on the shin will enable 
plain felt to be put to a similar 
use It is used to cover pressor* 
points in such plasters as that for 
,,, „ ^ , . , , , a fractured spine, or to make a 

rio 103 « iro finger splint unpadded . , , 

and padded Compare Fig 44 comfortable bearing surface m a 
walking plaster 

15 Rocker soles These consist of a simple wooden or iron 
section of a small circle attached usually to a w ooden base plate They 
arc made in v ariable sizes For an adult the base measures 7 inches 
by 3 inches and the attached curved portion, 5 inches with a man 
mum depth of inches They are cheap, easily made, and permit 
a more normal gait, avoiding the screwing action frequently seen 
with the walking iron (Fig 134) 

Walking ikons These consist of a bent light 
metal bar to which a rubber heel is attached They 
are bent in the shane of a U and incorporated m a 
leg plaster to bear the w eight They are best applied 
by a separate plaster bandage after the leg plaster 
has set, to avoid the metal making pressure marks 
in the fresh plaster They are applied so that the 
centre of the bar is two fingers’ breadth below the 
plaster on the heel, and m line with the tibia and 
fibula (see Fig 134 and page 182) 

10 Sponge rubber Sponge rubber pads, 

1 inch thick and cut to a size of 3 by 0 inches, may 
be attached to the leg plaster by a few turns of 
bandage over the foot They have the advantage 
of allowing a more natural gait, but they must be protected by an 
overshoe of some description y 

17 MastISOL (Gum mastic 40 parts, 01 Riemi l 2 parted 
benzine 100 parts ) This varnish provides a sticky skm surface 
which improves any grip on the skin, such as required m the reduc* 



Fio 104 Wall, 
mg iron with 
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•variation, depending on how firnil} it is pressed into the muscles, it 
-gives a more consistent accuracy than other instruments It is 
adaptable to other joints such as tho kneo and hip 

20 Copper wmr Hits is ncccssarj for binding Cramer wire 



l io 108 TJio Phelps Gocht osteoclast 


splints together and for connecting up parts of the extension 
apparatus, espcci ill} if a spring balance is not used 

27 Osteoclast This is a necessity for breaking down firmly 
united fractures, and is useful for the reduction of some fractures 
The Phelps Gocht apparatus show n is the most generally useful 
It is a luxury onl\ needed in a bus} clinic 

28 Calcinevl clamt TI 11 & is necessary for the complete 
reduction of a fracture of the calcaneus with broadening of the bone 
It can also be ad lptcd for compressing the upper end of the tibia, 
or the lower end of the femur if special pads are used It is a 

strongl} made clamp tighten- 
ing the jaws evenly, over a bar 
on w Inch the distances between 
the clamp faces are measured 
In use the convex pad is 
applied to the outer aspect of 
the calcaneus, and the remform 
pad to the inner aspect so that 
it clears the sustentaculum tali 
20 Indelible ee noils 
These are the most suitable for 
iecorduig on the plaster the dates of fracture, reduction, and approxi- 
mate removal of the plaster, together with a diagram of the fracture 
31 Plaster instruments The most generally useful 
ui^trununts arc 

Stockholm plaster shea is 
Plaster scissors 
Plaster case optnc rs 
Round pointed scissors 
Old scalpels, oi ankle knives 
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elasticity is a disadvantage The single stretch strapping is the mere 
generally useful (see Pigs 79, 425} y 

21 Woodln sv vtul \s These are useful m holding apart the 
ends of ready made strapping extensions md enable tlic strapping 
to be applied w ith the inininium of disturbance Wooden spreader 



I io 106 Skin extension modo from ordinary strnpping tom ready for uso 
Central spreader attached and tho ends held opart by attachment 
to tonguo spatulas ^ 

are necessary to obtam an e\en pull on the plaster and to pretext 
pressure on bonj points, such as the malleoli 

22 Cokd, hooks vnd heioiits are essential Two pound 
weights will be found most useful Hooks are necessary as an 
attachment to the stirrup, and a second hook on which the weights 
are hung facilitates adjustment 

23 A spbu<g BtLAXCF placed between the screw of the scicw 
traction apparatus and the stirrup will record the pull applied 
A balance registering to CO ibs is most useful Smaller balances 

may be used for registering the 
traction on the arm m an 
abduction splint 

24 Stvkch bandages 
These consist of ordinary gauze 
impregnated with starch , 
They are boiled for a few 
minutes and then placed in 
cold water As soon as they 
are cool they are applied 
They contract slightly in 
setting and so obtam a firm 
grip, accentuated by the fact 
that each lajer stick* to the 
next They are useful to 
maintain splints and bandages 
in position over a long period 

25 Goniometer Some 
simple apparatus for keeping a cnecK on the movement possible aJL 
the elbow is essential to accurate observation of that joint The ones 
illustrated is of personal design, the flat surf ices lying along the 
surfaces of the ulna and the triceps While giving a few degrees 



Fig 107 A goniometer particularly useful 
for measuring elbow mo% ements 
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klO 110 Mockholm plaster shears lar^o and small plaster caso openers, 
plaster sejssor* piobo point scio«or> 


32 Knee exercise bar This consists ot an adjustable trans 
verse bar whose height can be varied It 



F io 1 1 1 Knee exercise bar 


can bo placed on the bed so that the recutn 
bent patient may bend his knee over it and 
so exercise his quadnteps It can be used 
•very catly m tre itment and aids materially 
m the maintenance of movement in the 
knee 

33 Arm spiixt for traction with 
the bent elbow This simple apparatus 
consists of a vertical upright standing on a 
wooden base to which is attached at the 
height of the top of the wire mattress a 
strong lateral bar This bar is laid betw ecn 
the wire mattress and the fracture board, 


where it is well gripped by the patient’s weight, but allows free 
van ition of its position so that the pull can take place at any angle 
to the central line of the bed The vertical upright, thus firmly 
held, is slotted above this level, and through this slot runs a clamping 
screw with a wooden block on either side To one block is attached 


a pulley, to the other a hinged board A \ inches wide, which stretches 
to the approximate level of the c< ntre of the bed, w here it tapers 
off On the top of the upright at a height of 5 feet from the floor,. - 
is another crossbeam which projects 2 feet on the bed side and 
1 foot on the opposite side To it pulleys aie attached, the one 
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over tho bed moving m a groove m a similar manner to the arm 
rest piece The cords for traction are run over the lower pulley fort 
the arm and over the upper two pulley* for the forearm It will be^ 
seen that any position of the arm in relation to the trunk can be 
obtained, is the apparatus is movable m both the horizontal aud 
vertical plant*, md tint the ingle of the elbow cm be varied very 
considerably by adjusting the angle of the arm puce, and the 
position of the upper pulley The apparatus is simply made by 



FiQ 114 Details of the apparatus shown in the prci lou-. bgure Tho 
strapping extension on the forearm requires a pull of 4 lbs to maintain 
it \ertical Tho arm lies along the sloping support board, and is 
undergoing “iLeletal traction through a pin in the olecranon, the aterago 
pull required being between C and 10 lbs 

any carpenter, is inexpensive, effectiv e, and does not occupy v ahnblo 
space around a bed, nor look untidy 

34 Plaster This is fully described m the next chapter 
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CHAP mil Mil 

PLASTER TECHNIQUE 

The age old u*o of phstcr for the fixation of broken limbs lias 
received a fu\>h impetus from the aims of modern treatment, with 
which tlie accurate fixation afforded by plaster falls more into line 
The successful application of plaster demands the use of plaster 
bandages of constant standards and a speed of handling only given 
by constant practice It is essential that where the plaster cannot 
be applied single handed a team of assistants familiar with plaster 
technique be employed, and that they observe a number of simple 
rules scrupulously 

Material Plaster of Pans, or gypsum, is calcium sulphate which 
has been heated and so deprived of its water of crystallisation 
Soakmg and setting result in the recrystalhsation of the material 
m a solid form The quality of the plaster is important, as it is obvious 
that one not deprived of its water content as efficiently as another 
w ill not be so good Again it may be contaminated by admixture 
with inactive powders Once a suitable plaster is found, and one 
becomes famihar with its strength, its setting time, and speed of 
water absorption, one should not lightly change it Much of the 
efficiency of plastermg depends on easy familiarity with these points 

Bought plaster bandages differ from home-made ones, for in 
them the plaster is attached by an adhesiv e medium to the meshes 
of the material, while in home-made bandages it is only scattered 
through the meshes of the material and will shake out The disad- 
vantages of this are that plaster slabs cannot be made dry, as in 
doing so the plaster washes out, and that there is usually less plaster 
at the beginning of the bandage and more at the end, while m 
bought bandages it is evenly distributed In the making of small 
and delicate plasters, such as for the fingers, bought material is an 
asset, but for most other work home made material is equally 
satisfactory For certain plasters, such as plaster jackets, the rapid 
settmg and high w ater-retaimng qualities of bought material are 
a disadvantage Bought bandages arc wound more loosely and so 
soak more rapidly, and the plasters are lighter when finished 
Owing to expense they will not be found suitable for large clinics, 
and the technique discussed in the follow mg chapter is based on 
the use of home made bandages, but can always be carried out with 
^ bought material 

Home made plaster bandages must be made of good quality 
plaster, and the mamtenanee of uniform tension and w eight of plaster 
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m each bandage can only bo obtained by practice and experience 
It is consequently advisable to have only one or two people making 
the bandages constantly rather than fresh relays of people To 
commence with, they are taught to weigh the bandages after rolling 
and discard those ovex or under a certain weight A little practice 
and they will be found to roll them so consistently near this weight 
that weighing may be suspended Bandages of 4, 6 and 8 niches 
width will be found the most genu ally useful, and should be 5 to 
G yards in length A 6-yard bandage impregnated with plaster 

weighs approximately 
91, 14 and 17 ounces 
for the three icspcctne 
\v idths 

Rolling The band- 
ages used are mushii 
. sized w ith starch, and oi 
a mesh of 14 to 24 
sti antis to the inch 
They must be plucked at 
the edge to avoid loose 
threads Plaster is 
Fio 115 A convenient method of rolling placed Oil a flat tray 
plaster bandages 1 . it , , , 

and the bandage settlco 
into tins so that a foot length of it lies flat on the plaster 
covered floor of the tray The bandage is then rolled toward 
one with the right or /eft hand and the other hand employed 
(with a flat spatula if desired) in spieadmg an even layer ol 
plaster on top of the bandage This portion is then rolled up, 
and the action repeated again and again till the bandage is completely 
impregnated The tightness of the bandage is important for if 
wound too tightly the centre of the bandage will not be penetrated 
by water durnig soaking, while if too loose the plaster falls out and 
it is awkward to handle when makmg slabs 

Handling When used the bandages are dropped evenly into 
a basin of water which is deep enough to cover the bandage com- 
pletely It is ready for removal only when the water has ceased 
bubbling If increased speed of setting is desired the water may 
be hot, and salt (a tablespoon to a quart) may be added With 
good plaster this latter expedient is unnecessary The b indage 
is then picked up with the hand over cither end and squeezed 
toward the centre till it is devoid of loose water The free end of 
the bandage is then undone for a turn and the bandage handed to 
the surgeon If a plaster slab is to be made some smooth metal or 
glass surface is chosen and the appropriate length marked off on it 
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Holding the loose end of the bandige down to the slab it is unrolled 
rbejond the length rcquutd, and then allowed to fall back to the 
desired length The hngeis ire 
placed on this end and the b indngo 
rolled to the opposite end and the 
same action i repeated Tins will 
demand a change of hands and if 
there is an assist nit nailiblc to 
hold one end of the plaster dou n it 
can be done much more lapidly 
without changing gup When a 
suitable thickness is achieved it is 
smoothed out and lifted off the slab 
If a second bandage is to be used it 
should be placed an the w iter just 
before the remov al of the first After 
several bandages have been soaked 
the water becomes impregnated with loose plaster and fails to enter 
the fresh bandages, so fresh water must be used It is also unwise 
to use the same w atcr twice if there has been any delay, as plaster 
sets in the basin and makes unpleasant loose fragments, which 
are often picked up by the second bandage 

Once a cast is commenced it should be completed as quickly as 



1 io 110 Tho correct method of 
w ringing tho bandage out 



possible so that it may set together, and not, as often happens, in 
separate layers In large casts this will demand a suitable number 
of assistants A forearm plaster may be applied single handed, a 
plaster jacket will requne one assistant to soak the bandages, 
» icmoie them as soon as required and hand them to the other assis- 
tants, one assistant miking plastei slabs and one assistant aiding 
the surgeon in the application of the jacket 



168 


COMPLETE OUTLINE OF FRACTURES 


Setting This is a chemical process and continues whether the 
plaster is under water or drying m the air It is independent cf v 
all factors except the quality of the plaster, and takes place in the * 
follow ing stages 

Adsorption of the water of crystallisation together with 
absorption of water by the bandage and excess water bj the plaster 
Recry stallisation of the calcium sulphate, accompanied bj the 
generation of heat and consolidation of tho plaster This commences 
in four to seven minutes, and is complete in ten to twenty minutes 
Drying The excess water absorbed is slowly given off Exees 
sue water can later soften the set plaster, and it must be dried out 
as quickly as possible The length of tune necessary for tlus depends 
mainly on tho thickness of tho plaster The placing of the plaster 
in an airtight space, e g , under the bedclothes, docs not encourage f 
it to dry, and it is best treated in a draught of warm dry nr, most f 
conveniently obtained under a well-ventilated heat cradle 

Padded and Non-padded Plaster Casts 
Much discussion has arisen as to the advantages and disadvan 
tages of the tw o methods Where great argument has amen truth 
hes as a rule midway between the two extremes Many so called 
non-padded casts ha\e padding over the pressure points and so are, 
strictly speaking, padded Padded casts are only difficult to handle 
when excessive and unsuitable padding is used In this condition 
they are to be heartily condemned as they do not fit the parts and 
the padding becomes loose under the plaster, resulting m uneven 
pressure and pressure sores The plaster w ill, as a rule, be unneces' 
sarily large and clumsy, and quite unsuitable for weight bearing 
There are many advantages to the unpadded plaster cast, and its * 
use is recommended It is applied close to the skin, the actual hairs > 
being incorporated and helping m close retention The plaster can 
therefore be smaller and more accurately moulded, giving better 
visual control of position and much better plaster fixation The 
absence of padding results in an even pressure on the skin if care 
ib taken to wind the plaster bandage evenly, and the hands art kept 
moving to avoid pressure points being formed Plasters should 
always be held with the fiat of the hand and not the fingers, to avoid 
pressure points With unpadded plisters pressure sores are less 
frequent than with padded plasters Unpadded plasters are more 
suitable for windowing so that wounds can be observed Their 
closer apph cation allows exercise of joints near the fracture with no 
disturbance of the injured part l' 

The one great difficulty with them js their inelasticity In 
certain areas, such as the w nst and abov e the ankle, the small amount 
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ot fleshy tissue allows little room for expansion beforo a dangerous 
'pressure on vessels is reached For this reason circular plasters 
have been condemned, but it is not the plaster winch is at fault, 
but tho judgment of the person using it To avoid this risk no 
circular unpadded plaster should be applied to a fracture within 
twenty four hours of its occurrence when further reactionary 
sw ellmg can be expected Control of the sw tiling by even pressure is 
desirable, and tins is best accomplished by the use of a plaster slab for 
retention, and a circular gauze bandage over it Later, if desired, 
a circular plaster bandage can be applied' ov cr this In many cases 
the presence of swelling prevents the application of a plaster suitable 
for weight bearing and time must elapse with the limb elevated for 
this to subside At the end of this period a circular bandage may be 
applied skintight, with no risk at all Similar precautions must 
be taken after any fresh manipulation of a fracture or any treatment 
from which reactionary swelling may be anticipated If these 
precautions are obscrv ed unpadded plasters are devoid of danger 

Plaster difficulties 1 Swelling Tins may occur in spite of 
precautions and falls into tlurec stages 

(a) *Vo obstruction to the circulation or pain This subsides with 

exercise of the muscles below the plaster and elevation of 
the part All fresh plaster cases should be instructed in the 
immediate use of fingers and toes and the unfixed joints 

(b) Venous obstruction, with an engorged hand Arterial circula- 

tion good There is no pain, but a fechng of tightness 
To relieve this the plaster must be split down, the part 
elevated and exercises encouraged 

(c) Arterial obstruction This should never be allowed to occur 

There is gross swelling and cyanosis or pallor of the skm 
Capillary circulation is impaired under the nails and there 
may be loss of arterial pulsation Tins condition is always 
painful in the early stages, and should never be neglected 
The cast must be split and spread, the part w armed and 
elevated, and if no benefit follows m one and a half hours 
the cast must be removed 

2 Pain Some aching pain may be expected, but in a well- 
i educed fracture it is small and relieved by aspirin Incompletely 
reduced fractures are frequently more painful Severe aching pain 
of a generalised type should raise suspicion of piessuie, and demands 
careful investigation and treatment, as outlined above It is an 
important sign not to be neglected and certamly not to bo 
* controlled by morphia without investigation 

Local Paix If the patient can place his finger on a point which 
is constant!} painful, or localises pressutt always to a ccitain spot, he 
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is always right, and removal of the plaster will reveal the commence 
ment of a pressure sore if not a more fully established lesion To avoid \ 
removal a temporary expedient is to cut a w mdow over the point com 
plained of If the patient cannot localise the pain definitely it may 
bo due to some roughness or to fragments of plaster falling between 
the plaster and the shin Tins can he neglected unless with the 
passage of time it turns into more definitely localised pain or pressure 

3 Discharge Unless there has been an open w ound discharge 
always means a moist pressure sore, and demands treatment 
Such pressure sores arc best treated by fresh ur and radiant heat 
with dry dressings between the applications 

4 Paresis of muscles Rarely a walking planter may press 
on the peroneal nerve as it winds around the neck of the fibula, 
and produce foot drop, which is usually not noted till the plaster is 
removed It recovers in. a variable time with rest, support and 
faradism to the paralysed muscles 

5 Looseness This is more uncomfortable for the patient than 
tightness, and in most cases demands replaster In certain situa- 
tions such as the first degree external rotation fracture of the fibula, 
it does not matter as the important movements of m\ ersion and 
eversion are controlled by a loose plaster as well as a tight one, and 
weight bearing docs no harm To avoid frequent rcplastermg the 
necessity for tho abolition of swelling by early recumbency and 
elevation of the limb cannot be too seriously stressed 


Plaster Casts and their Construction 


The treatment of fractures demands the use of several standard 
plasters, the construction of which will be outlined here These 
plasters are the base of all work, and more complicated plasters are 
built up on them Plasters most commonly used are 


Upper Umb 


Lower limb 


Trunk 


1 Arm plaster 

2 Forearm plaster with fixation of the elbow 

3 Standard forearm plaster 

4 Thoraco brachial plaster 

1 Whitman’s plaster 

2 Long hip spica 

3 Short hip spica 

4 Long walking plaster (Ischial bearing ) 

5 Knee fixation plaster 

6 Walking plaster with fixation of tho knee 

7 Short walking plaster 

1 Piaster jacket 

2 Plaster bed 
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The most adaptable method of construction is the combination 
"of the slab and the circular bandage Strength is given where 
strength is required, and the plaster should be lighter m construction 
than when anj uniform thickness of plaster is employed Given 
team work the method is qyitc rip id enough for ordinary purposes 
Certain plasters such as the thorn co brachial plaster are troublesome 
to applj l>> this method, and the pattern method may be employed 
In the pattern method sheets of plaster impregnated muslin arc 
employed They may be bought m standard pattern form, or 
patterns cut from sheets to suit the case Si\ to eight pattern sheets 
are placed together and soaked, and then applied as a unit to the 
limb to be plastered The} arc time sav mg, but unless one is familiar 



Fio 118 The Pattern ’ method of plastering for the leg 

with them apt to be as troublesome m application as any other 
method They are licav ler than necessary and the sheets of material 
are not so easy to store for any length of time Only bought material 
can be used and the method is therefore expensive A pattern for a 
short leg plaster is shown m Fig 118 

Arm plaster Used for fractures of the shaft of the humerus This 
plaster is most conveniently applied with the patient sitting or 
standmg so that the assistance of gravity may be obtained A 
4 inch bandage is m ide into a plaster slab equal in length to double 
the length of the arm This is placed m U-shaped fashion along 
the inside of the arm, around the elbow, and up the outer side 
Cuts m the bandage are made just above the forearm, and o\er the 
olecranon to mould it around these points It is then bandaged in 
position with a gauze bandage, and the arm held in the desired 
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position till set In cases where swelling is expected it 13 left so , 
if swelling is not anticipated it can be reinforced with a circular \ 
plister bandage T ho plaster is worn with a sling, and can be > 
steadied with a circular bandage around the arm and thorax, 
including the sling If a starch bandage is used for tins purpose 
and passed over the sling the arm is kept very firmly fixed 

Forearm plaster, with fixation of the elbow This is used for 
fractures of the elbow legion and fiacturcs of both hones of the 
forearm Wiieie extension is being used in a fracture of the forearm 
the plaster can often be applied more satisfactorily in two stages 



Flo 110 rhe application of aU nhupcdslab in fractures of 
the humerus In high fractures tho cm!* of the slibs 
cm be overlapped on tho shoulder 


Where the extension must be maintained while the plaster is 
setting one stage is used 

(а) With extension The long slab of the forearm plaster is 
carried up behind the elbow and between the straps of the webbing 
extension Plaster is applied overlying the band slightly, but 
leaving a narrow gap anteriorly through which the extension band 
is later w ithdraw n This gap is then filled m w ith plaster (Fig 326 ) 

(б) Without extlnsion The forearm plaster is applied as 
usual, bub the long slab is continued to the lateral condyle and curved 
around behind it When set the extension is removed and a short ( 
U-shaped slab placed around the elbow, as m the arm plaster, and *- 
bandaged on with a circular bandage while the patient holds the ' 
arm at right angles 


PL \STEK TECHNIQUE 


173 


(c) For hwtios of Tilt ilbov. \lom^ A dorsal slab is run 
'"down behind the elbow from axilla to wrist, or to the metacarpal 
heads if pronatton and supination arc to bo oxoidcd This is cut 
opposite the elbow foi moulding, and co\ ered with sliort icinforcing 
strips The whole m ij then be bound on with a circu! ir plaster or 
gauze band ige In ulults a C inch buulagc will be found the best 
and a 4 inch bandage m children 

Where swelling is anticipated the posterior slab should be 
increased m thickness and gauze onlj used to bind it on This can 
be covered later with a starch or a plaster bandage 

Forearm plaster This is a standard phstei used with a slight 



tiG 120 Immobilizing the arm and forearm m fractures of both bones 
of the forearm Retention of the foreann fracturo has been satisfac 
tory with a short forearm plaster, and over this a U shaped slab to 
fix the elbow has been added 


modification for a Colles’s fracture or a navicular fracture A dorsal 
slab of 0 inch bandage is laid on the dorsum of the mid-pronated hand 
up to the elbow It is trimmed or folded back along the line of the 
metacarpals heads and cut obliquely at the opposite end to allow 
flexion of the elbow A \ertical cut is made inches deep parallel 
with the second metacarpal and the narrow portion folded back 
over the thumb metacarpal, or cut off The other side of the plaster 
is then moulded around the lateral side of the fifth metacarpal and - 
the whole coaered with a circular gauze bandage (Fig 328 ) 

Where the fracture is not fresh a circular plaster bandage is used, 
and then care must be taken that it reaches only to the lo\ el of the 
f most proximal portion of the distal line of the palm to allow full 
flexion of the lingers Most commonly flexion of the index finger 
is incomplete, due to excessi\ e plaster Tins turn of plaster holding 
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the metacarpals back against the dorsal slob must not be too loose, 
but as swelling is often maximal m tins region it must not be too\ 
tight to commence with If it becomes loose or lias to be cut away 
it can be replaced with a few turns of strapping or starch bandage 
The use of a small piece of iron wire covered m rubber and moulded 
to the palm, and then incorporated in the plaster is a satisfactory 
addition as it allows free movements and can be bent tighter as 
b wetting subsides 

For forearm plasters incorporating finger wires, \olar slabs are 
used, which are best applied with the patient leaning the elbow on 
the table and allotting the hand to fall back The wires are placed 
betw een the slab and circular turns of bandage (See Fig 43 1 ) 

To attain the resting position of the w rist the patient is instructed 
to clench the fist lightly and then lay forearm and knuckles on the/ 
table The dorsal slab is then placed on top of the forearm if the 



1*10 131 Tljo reatmg position of the liancl m winch planter* 
for carpal and metacarpal fractures and foundation 
plasters for wire finger splints should be applied 

plaster can be applied without extension This is the most comfort- N 
able position in which to plaster any wrist ' 

Thoraco-brachial plaster It is perhaps true to state that the 
elbow cannot be completely immobilised without fixing the shoulder, 
but it would be an error of judgment to earn this too far Having 
immobilised the arm and forearm it is usually only necessary to 
bind the arm to the side of the chest, either temporarily with 
bandages or more permanently by plaster (Fig 78) This is more 
convenient for transport and for the patient The application of a 
thoraco brachial plaster with the arm in abduction is not lightly to 
be undertaken, especially if the patient is lying down and under 
general an esthcsia In the sitting position it is more satisfactory 
In the recumbent patient the back must be supported by a strip of 
metal along the vertebral column winch can be later withdrawn 
from the jacket Some connection between the hand portion and ^ 
the thorax is desirable m order to strengthen the support of the limb 
The plaster is often conveniently applied in two parts The jacket 
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may be done fust while the patient is conscious and the arm subse 
qucntlj fixed to it In mow of the difficulties m its application the 
pattern method will bo found to saao valuable time and is easier 
than the slab and circular bandago method The plaster is occa- 
sionally ncccs&ary m wounds of tho shoulder region and of the upper 
third of the arm, but the majority of fructmes affecting the shoulder 
region can be handled with tho arm at the side 

Whitman’s plaster To ipply this sitisfictorily three assistants 
will be required, one t<Xsoak the bandages, one to make slabs, and 
one to aid tho surgeon m smoothing on the plaster Some form of 



tic 122 Tho padding applied for tho application of a Whitman plastei 
Koto tho thin roll in tho groin held m p]aro by knotting tho gauzo 
o\cr tho opposito shoulder and tho pad o\cr tho anterior superior 
iliac spine Note also tho slight flexion of tho hneo 

pelvic rest must be available, pieferably an orthopaedic table, but 
the other substitutes previously described may be used 

Padding Several lajers of flannel bandage are wound around 
the chest at the level of tho armpits A felt pad is placed over 
each anterior superior iliac spine, and held in place by painting 
the skin with mastisol A roll of cotton wool 12 inches long and 
1 inch m diameter rolled up m a long piece of gauze is placed m 
the gluteal fold and extending over the ischial tuberosity into the 
grom This is held m place by crossing the ends of the gauze over 
tlie pad on the anterior spine and tying the ends of the gauze over 
the opposite shoulder Tins padding is then covered by a single 
lajer of calico band ige in the form of % hip spica extending up to 
the chest bandage 
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Plastering Bandages G inches in width aro most convenient, 
though 8-inch bandages may bo used for the trunk The plasty 
is applied m two stages (unless there is a multiplicity of assistants), i 
first the trunk and short hip spica together, and then the leg from 
thigh to toes Four plaster bandages are wound on evenly covering 


the calico bandages, these are then 
reinforced with plaster slabs The 
first is laid vertically down the side 
of the leg The second is placed 
posteriorly and w mds from the back 
over the sacrum and around the 
great trochanter to the 'interior 




fcio 121 Diagiam illui>tjatjn^ tho icinjoict kio 124 -The completed planter 
mcnt3 used for a Whitman a plaster and being Ubed by an ambulatory 

wluch can be used with modification in patient 

any lnp spica 


aspect of the tlugli The third slab leveises this passing from the 
anterior aspect of the trunk over the giom to the bach of the thigh 
The length of all these slabs is approximately 30 inches A short 
vertical reinforcing slab made by cutting a longer slab in two may , 
be laid down the anterior and medial aspect of the thigh if desired^ 
These slabs are covered with three circular bandages and the whole ' 
well moulded around tlie pelvis and uppei end of the femui 
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- The leg 13 then completed •with a long dorsal slab overlying the 
thigh plaster and continued down to the toes This is cut on 
either side of the heel and moulded nround it The sides of 
the knee nro strengthened with two short slabs and the whole 
co\cred with three cucular bandages In all fifteen G inch plaster 
bandages will be used, ind the total weight of the plaster will be 
13 to 15 lbs 


Long hip spica Tins is used foi w alking w hen fixation of the hip is 
desired, the weight being taken on the ischial tuberosity It can be 
used for certain fractures of the femur, botli shaft and condyles 
It is applied m a snnilai liumnci to the Whitman’s plaster except 
that the plaster is not carried so far up the trunk It is w ell moulded 
around the pelvis to obtain good fixa- 
tion 

Short hip 'spica This is used for 
fixation of the hip without avoidance 
of weight bearing, such as may be 
required in abduction fractures of the 
neck of the femur It is applied in a 
similar manner to the long hip spica, 
but terminates above the knee It is 



Plaster 

Stockinette 

Skin 


A Bhort v liking 
spica 


>io 120 Illustrating the uso of 
stockinette m finishing off the ends 
of a cylindrical plaster cast 


\ery difficult to apply eithei of these plasters in a satisfactory 
manner to an exceptionally fat patient The w eight necessary to 
obtain sufficient strength makes the plaster a handicap rather than 
an aid 

Long walking plaster This is used m lesions of the knee legion 
which require fixation and freedom from weight bearing It is 
applied by placing the nanow roll of wool previously described in the 
gluteal fold, and over the ischium and tying it as before A long 
plaster slab is then applied from this to the tips of the toes It is 
cut over the ankle and moulded This is then held in place with tho 
requisite number of circular bandages Two short slabs are placed 
on either side of the knee to reinforce it, and covered with further 
circular bandage* The knee is then held slightly flexed (5° to 10°) 
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and the foot at right angles till the plaster seta The roll of woo) 
forms a satisfactory upper hunt to the plaster and the ischium site on \ 
this The plaster is trimmed in front to trochanter level A rubber 
heel or walking iron may he applied when desired Tins can be used 
to replace a walking calliper if desired 

Knee fixation plaster Tins is used for lesions in the region of the 
knee where weight bearing is harmless but flexion is undesirable, 
such as a case of fracture of the patella It is most conveniently 
applied with the patient on a pelvic rest and the heel on an object 



Fig 127 The knee fixation plaster aa used for a fracture of the patella 
isote the elastoplast continued below tho lower felt pad to pre\ent 
swelling of the foot 

at the same level The use of a layer of stockinette against the 
skin w ill make the finishing of the plaster ends easier The foot 
and ankle are strapped in elastoplast to av oid subsequent oedema 
of the foot A layer of felt If inches wide is placed over this 1 
inches above the malleoli A dorsal plaster slab is applied extend- 
ing from the groin level to this, and bound on with a circular 
bandage Two 18-inch slabs are placed on either side of the knee 
and bound on, and circular bandages added till the desired stability ^ 
is achieved The stockinette is then pulled back over the ends of 
the plaster before the final turns and enclosed under them, thus 
providing a rounded finish 
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Short walking plaster This phslcr is the most commonly used 
/leg plaster, as it is the only method of completely relieving the foot 
of strain It 13 important that it should be as light as convenient, 
and not clumsy, being well moulded around the inkle, and fitting 
firmly around the knee at the level of the fibula head and the tibial 
condyles It must bo cut out behind the knee to allow flexion 
be j ond a right angle The foot must be at right angles to the lino' 
of the leg and 111 the neutral position as far as inversion and eversion 
are concerned, except in special cases The plaster must continue 
to the ends of the toes on the sole, but stop short of the webs of the 
toes on the dorsum of the foot, so that toe movements are free 



Fin 128 Tho method of applying a plaster for immobilising tho kneo 
Tho foot is btrapped in elnstoplost up to tho lower felt pad on which 
tho lower margin of tho plaster ends Tho kneo is held slightly floxod 
ns tho plaster acts 

The walking iron must not be apphed till the plaster has set, to avoid 
the risk of producing pressure by the metal on the soft plaster 
There are several methods of applying this plaster and it is 
advisable to familiarise oneself with one and use it alone These 
methods are apphcable to fractures in which there is moderate union, 
or to fractures in the ankle region, 111 which pressure in tho long axis 
of the leg is painless For fresh fractures, skeletal traction or 
manipulation and manual retention till the plaster sets, are required 
(a) The standing method Thq. patient lies on the couch and 
flexes the knee and lup so that he can place tho foot against tho 
surgeon’s chest By this means the foot is retained at a right angle, 
and the hands arc left free A circular pad of felt 1 * inches wide is 
bound on over the head of the fibula and at the level of tho. tibial 
condjle A second piece may be put over the dorsum of the toes 






tio 129 The standing method of applying a walking planter show ing 
the method of obtaining dorsidexionagam.it the chest, and tho necessary 
padding of felt 

tips of tho toes A cut is made on either side of the ankle and the 
plaster moulded in Circular plaster bandages are then applied 



Fig 130 The dorsal slab applied Commencing the circular bandage 


around the slab including heel and foot, two G-inch plaster bandages v 
being as a rule sufficient To plaster the beel the surgeon leans 
forward, thus pushing on the ball of the great toe, and leaving the 
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is best handled undci local anaesthesia which enables the patient to , 
co operate, and makes plastering much more simple than when\ 
there is a completely flaccid knee Manipulative reduction is v 
followed by plastering with the help of an assistant, so that the limb 
may be maintained in the desired position 

(e) The f\cl down method By laying the patient over on 
Ins face, and then fleung the knee the foot can bo easily kept 
at right angles, and the plaster slab placed on it does not tend 
to fall off by gravity It is a jiosition easily maintained by the 
patient and comfortable for work It can, of course, only be used 
for stable limbs (Fig 132) 

Applio vtioJi or v w \lkino heel Tins may consist of either 



Fig 133 The application of a sponge Fig 134 Rocker sole 
rubber sole and heel to a walking plate To a wooden 

plaster base a curved metal 

section preferably • ) 

cov cred with rubber 
or leather is fitted 

(1) Rubber sole of sponge rubber 1 inch thick and 3 by 6 inches 
in size It is held under the sole by a few turns of a plaster 
bandage This gi\ es the patient a more natural gait than a walking 
iron, and is more comfortable, but requires the use of an overshoe 
to prevent it being worn out (2) Overshoes with thick sponge 
rubber heels and soles may be bought and laced over the foot of the / 
plaster In clinics they will do for several patients (3) Bolder 
walking iron This is applied over the leg plaster so that the 
heel lies two fingers’ breadth below the heel of the plaster and m 
the line of the tibia and fibula It is satisfactory but does not 
give a good gait, as the patient tends to screw Jus foot out m ^ 
taking off with the plastered foot It will stand up to rough usage, 
and does not require an over shoe (Fig 104 ) A modification of the 
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BiiUlei iron giving a better gtut is tho rocker solo (big 134) This 
Consists of a curved steel band covered m leatlici winch is attached 
to a solo plate The solo plate alone is attached to tho plaster and 
it may be used over and over again A rocking heel and too gait 
results 

Freedom of the toes There has been considerable discussion 
to the adv inability of extending the plaster solo to the tips of tho 
toes to provide a platform for the toes This lestricts the flexion 
exercises of the toes There is no doubt that all cases of injury to 
the foot itself should have a pi itform, owing to the danger of flexion 
contracture of the toes Tins risk is especially marked m cases of 
pes cavus On tho other band, patients who aic merely lying m bed 
with the foot fixed as tho lesuit of a leg mjuiy can have the plaster 
discontinued below the ball of the great too to give adequate exercise 
to the toes Similarly when the short walking plaster is used with 
an overshoe, tho softening of the fore part of the foot to allow normal 
toe and metatarsal action should bo encouraged In all cases the 
exercises should be regularly instituted Where tho bed clothes are 
likely to press on the toes, during transport, the plaster should be 
continued bejond the toes 

Removal of plasters Tho most suitable shears for removing 
plasters are the Stockholm shears They should always be introduced 
m the fleshy side of the limb so as not to produce painful pressure 
between the bone and the plaster Forearm plasters should thus 
be split down the volar aspect To remove a leg plaster the patient 
is turned over on his face, and tho plaster split over the calf and then 
over the sole 

The plaster jacket This is used for fractures 01 other non- 
traumatie lesions of the spine There are various positions in which 
it may be applied (see Chapter XVII), but the aim of all of them is to 
produce satisfactory hyper-extension of the spine, and maintain it 
while allow mg the patient freedom of movement The careful pad- 
ding of the plaster is necessary to avoid pressure sores The areas 
of pressure under such a plaster are, the sternum above, the iliac 
spines, crest and pubis below, and posteriorly tho highest point of 
tho curve of the extended spine, corresponding to tho spinal kyphos 
Padding of orthopaedic felt is placed over these areas In tho method 

recommended for plastering tho dorsal pad is an essential part of the 
technique and consists of a gamgeo pad 15 inches by 4 inches 
(Fig 209) Satisfactory padding of tho iliac crest may bo obtained 
^by painting tho skin with inastisol, and running a piece of felt 
2 inches wide right around tho pelvis, folding the two ends over the 
pubes anteriorly 

Over these pads a stockinette jacket is applied pinned over tho 
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shoulders to keep it smooth The plaster is then applied Eigty' 
melt bandages are used for encirclement and 6-mch bandages fot v 
reinforcing slabs Pno to si\ of each will be found necessary 
The arrangement of Assistants is as for a hip plaster It is important 
that all the plaster bo applied m a short period (five to ten minutes) 
so that it may set evenly A circular layer is first laid carefully 
over the stockinette, and over this the reinforcing slab3 and ban 
dages are applied, the slabs running m the folia wing directions 
1 Horizontally around the anterior and posterior margin of the 
jacket at the level of the iliac crest (One long, or two short slabs ) 



reinforcing tJabs Used m the construe 
tioo of a plaster jacket First lajer 

2 Vertically posteriorly in the rnidkne fiom the sacrum to the 
seventh dorsal vertebra (One ) 

3 Obliquely from the top of the sternum around the chest and 
under the arm to the midlrne posteriorly (Tw o) 

4 Vertically from the trochanter to the axilla on either side 
(Two ) 

5 Obliquely from the symphyw pubis upwards and around 
loizis to the nudlme posteriorly (Two) 

These slabs are best made from single 6 inch bandages rolled 
into 30 to 40 inch Jong slabs and cut in half They are incorporated 
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under the circular turns which arc continued steadily throughout 
tho whole proceeding 

As soon ns the plaster has set tho patient is placed on a flat bed 
and after half an hour it will bo ready for trimming Tho armpits 
are first cut out so that tho arms can bo placed comfortably at the 
sides Anteriorly tho plaster is cut a little below the level of the 
sternal notch, and m tho groins so that full flexion of tho legs can 
occur Hero the tendency is not to cut away sufficient plaster 
Extension can be maintained by a plaster which comes only to tho 
level of the anterior superior iliac spines, though usually one removes 
less than this, leaving a tongue anteriorly to press over the pubes 
A circular window is cut anteriorly over the stomach A longitu- 
dinal window is cut posteriorly over tho pad covering the lumbar 
spines The pad is left in place under this This is a particularly 
important spot to relieve pressure 

The application of a plaster jacket is much more satisfactory in a 
conscious patient Under anaesthesia one tends to get too great 
hyper-extension and the patient is difficult to control Morphia and 
hjoscuio are satisfactory sedatives and usually all that is required 
Bought plaster is unsatisfactory to work with, for spinal jackets 
home made bandages being the best After any jacket is applied 
the patient may vomit during the first twenty four hours, but this 
settles down at the end of that time It is best to got the patient up 
and about on the first day, as he bettles into the jacket more readily 
Trunmmg is usually needed again at the end of tw enty-four hours 
The plaster should be dried under a heat cradle for the first night, 
plenty of circulating air being allowed 

After-treatment This is important and consists of active 
general bodily exercises, including exercises specially designed for 
the abdominal muscles After a fracture of the spine correctly 
treated the patient should emerge in better physical condition than 
before tho injury (Sec Appendix III p 644 ) 

Plaster beds These can be made either by applying bandages to 
and fro over the back of the recumbent patient, or by using sheets 
of muslin of tho size required soaked in plaster cream and laying 
them laj er by layer on the back of the patient The first method is 
quite satisfactory, and demands no new technique The number of 
assistants required is as for a Iup plaster The patient is laid on Ins 
back with appropriate extension, and is covered with a stockinette 
singlet Over tins bandages are criss-crossed and slabs laid betw een 
them till a reasonably strong shell has been built up This must bo 
done quickly to obtain uniform setting The second method 
demands team w ork for a satisfactory result Ten to fourteen sheets 
of muslin aro cut to a size approximately 4 feet C inches by 2 feet 
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Fourteen pounds of plaster arc mixed m a deep bucket to a smooth 
cream The sheets of muslin are then quickly soaked m this and ' 
laid layer by lajer on top of the patient, and smoothed into position 
If the mushn 13 slightly moist before it is dipped into the cream it 
will facilitate its absorption The plaster is allowed to set, then 
removed and trimmed Drying will take two to three days 
' Such a piaster bed may or may not include a portion for the 
head It is most comfortable if carried down to the mid thighs, 
and should have a central portion between the thighs w inch are 
thus slightly separated If the plaster is intended for continuous 
use a window is cut out o\er the buttocks and the shell held up on a 
wooden frame to permit the passage of a bedpan underneath 
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CHAPTER XIV 
ANAESTHESIA 

Though lntnncnous anesthesia has largely displaced the many 
dtcrnatn o auxsthctics, on account of its great advantages, there 
ire still a few cases for which it is unsuitable, and for these there 
s a wide choice of an-esthctics Local anaesthesia is unsatisfactory 
n children, gas does not gt\o sufficient relaxation in many cases, 
md ether allows too great a relaxation and makes plastering difficult 
These and wan} other points make the choice of a suitable anaesthetic 
from one of the follow mg not as simple as it may seem at first sight 

1 Local anesthesia 

2 Regional and block anesthesia 

3 Spinal anesthesia 

4 General anesthesia 

(o) Go s and oxygen 

(6) Intravenous anaesthesia 

(c) Ethyl chloride 

{d) Ether and chloroform 

The factors influencing the chouo of the ancesthetic will be 
(1) the site and type of fracture , (2) the duration of the anaesthetic 
required , (3) the degree of relaxation required , (4) the age and 
mentality of the patient , (5) the presence of other complications , 
and (C) the anaesthetics available 

Local Anaesthesia 

Local anaesthesia has many advantages, which are set out 
briefly in the following paragraphs (After Bailey and Love ) 

1 The fracture may bo reduced single-handed 

2 It can be used in patients in whom a general anaesthetic is 
dangerous 

3 It relie\es shock and pam 

4 The patient can co operate with the surgeon This may be 
seen in the application of a plaster jacket, or m setting a fracture of 
the humerus with the patient sitting up 

5 Reduction can be confirmed by X-rays and if unsatisfactory, 
the fracture can be reduced again before the local anaesthesia has 
worn off 

C The patient does not require any period of recovery 
y 7 It is particularly useful in compound fractures where the length 
of time required for operation is often very great, and the patient’s 
condition unsuitable for a general anaesthetic 
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Local anaesthesia has, however, its disadvantages It cannot be 
used in children, who will not tolerate the prick of the needle' 
Further, it is unsuitable for greens tick fractures as there is often ^ 
insufficient hsematoma into which the anaesthetic can be intro 
uuced and diffuse In fractures of over forty-eight hours’ 
duration m which some clotting has occurred the same difficulty 
with diffusion will be met with, and it will not prove satisfactory 
The more recent the fracture the more satisfactorily local ansa 
thesia works Skin abrasions over the site of the fracture are a 



Fig 137 Tray tot up for local anaesthesia 

contra indication to puncture of the skin, which cannot be 
adequately sterilised 

Technique of local anaesthesia A sterile tray is set up 
containing the following instruments 

A 10 c c record syringe, preferably dry sterilised 
Four to six needles Two fine hypodermic needles for the 
skin, and larger ones to penetrate into the hamiatomas 
A pair of sterile forceps 
Iodine 

Small swabs, alone or, more convemently, on sterile 
swabsticks 
Skin towels 

Two per cent Novocame, preferably in small sterile 
ampoules of 20, 40 and 60 c c one of which is completely 
used at a time , 

Apart from the handling of the outside of the syringe with the 
hand the remainder of the manipulations are done with the forceps, 
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No needlo is used to penetrate tiie skin twice The needle is not 
withdrawn to fill tlio syringe, but the syringe is detached 

A careful examination is made, which includes n consideration 
of the N ray to decide w hero tlio hamiatoina is most easily entered, 
and with least danger to the soft tissues This may necessitate 
several points of entry, c (j , one for a fibula fracture, and two for 
either end of a comminuted fracture of the tibia in a fracture of 
the ankle Having decided this the skin over the appropriate 
spots is painted with lodmo, and skin blebs raised with the hypo- 
dermic needle A larger needlo is now’ inserted, and manipulation 
of syringe and needle, or more delicately of the needle alone, held 
m a gauze swab will enable one to determine if one is in contact 
with the bare fractured surface of the bone, or a part covered with 
periosteum When satisfied that the fracture line has been found 
some 5 c c of anaesthetic are injected The syringe is detached and 
if the haematoma has been successfully entered bloodstained local 
anaesthetic will regurgitate along the needle (Fig 322) If this is 
the case the appropriate amount of local anaesthetic is injected 
and the needle withdrawn If the haematoma has not been 
entered none, or little, fluid escapes, and it must bo sought for 
again Quite large amounts of novocaine may be used without 
danger, up to 60 to 80 c c Success is shown by the cessation of pain 
in two to the mmutes The duration of antesthesia vanes from 
thirty mmutes to two hours In rare or complicated fractures it 
sometimes fails to relieve the pain, or relieves it only partially 

Regional Anaesthesia 

This is suitable for cases m which the injection of local anaesthetics 
over many sites would bo tedious or impossible, and in winch the 
advantages of local anaesthesia are not desired Its use is limited to 
the brachial plexus for the upper limb, and the sciatic nerve for the 
leg 

Brachial plexus anaesthesia A similar tray is set out as for local 
anaesthesia With the patient’s head slightly turned to the opposite 
side a point is selected in the supraclavicular fossa where the sub- 
clavian artery can be felt pulsatmg in the angle betw een the clavicle 
and the stemomastoid The outermost point of this small area is 
noted, and a spot J inch above and £ inch medial to it chosen A 
skin bleb is raised here after pamtmg the skin with iodine A fresh , 
needle is then entered m a dorso-medial direction, till tlio patient 
i c ° m phuns of a stabbing sensation down the arm, indicating that the 
f 1 plexus has been entered If bone is reached then the needlo has 
een passed too directly back on to tho first rib, and must be witli- 

awn and re-inserted The plcxu3 lies around and <abo\ o tho artery 
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at a distance from the skin winch vanes largely with the build and 
fatness of the jncliv idual In a thin patient it w ill only be necessary' 
to enter the neecllo ^ to f inch, m a fat stlienic individual the plexus 
may be 2 to 2 1 inches deep If no blood has escaped into the syringe 
20 to 30 c c of no\ ocame are injected Loss of sensation in the arm 
follows at a varying interval some times as long os fifteen minutes, 
and lasts two to three hours Muscular power is abolished to a 
variable extent Combined with .v basal narcotic this is an ideal 
anesthetic for long operations including skeletal traction on the 
arm 

Rises and complication <1} Perforation of an artery This 
is impossible if duo caro is evcreiscd and the needle pushed in 
carefully before the syringe is attached A hiemothorax. has been 
caused by this s 

2 Perforation of a tern This may occur, and merely demands 
withdrawal of the syringe It is important not to inject the 
anesthetic into the vein 

3 Paralysis of the phrenic This may occur, and is unimportant 
There may bo cough and shortness of breath 

4 Iniohement of the urucal sympathetic This may produce 
headache, giddiness and a feeling of faintness, and it m ay be necessary 
to lay the patient flat It passes off with no ill effects 

Sciatic anaesthesia This may be used for operations on the leg and 
foot It is less reliable, and more difficult to achieve than brachial 
anaesthesia It is a convenient anesthetic for the reduction of a 
fractured calcaneus on one side If the condition is bilateral a spinal 
anesthetic is more suitable 

Technique The most difficult matter is the localisation of the 
sciatic nerve This is most readily found in thin, patients by rolling / 
it between the fingers and that curved portion of the ischium just 
above the tuberosity, in the line of the gap between the hamstrings 
and just abov e the point where these are covered by the gluteal fold 
A skin bleb is raised here, and the needle introduced directly forwards 
till the nerve is found, and the complaint of pain referred down the 
leg is made Tw enty to 30 c c of novocame are then injected 

In fat patients the nerve is so difficult to find that it is reasonable 
to use spinal anesthesia at once Should it be sought for the same 
landmarks are used, but the nerve cannot be rolled and must be 
t sought for blindly 

Anesthesia of a similar duration to brachial anesthesia will ensue, 
but it extends only two thirds up the leg « 

Block anaesthesia This is suitable for lesions of the hand which 
may be blocked at the wrist, or of the fingers and toes, which may 
be blocked by injection of the nerves at their bases It is moat 
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i commonly employed foi the lingers, «uid the description of the tech- 
nique personally employed will be given, the more complicated 
techniques of other block methods being left to text-books on the 
subject A tray similar to tint previously described is set up 
The skill at the base of the linger is painted with iodine, and two 
small skin blebs of liovocamc aic made on either side of the knuckle 
posteriorly A slightly longer needle is then used, and is made to 
penetrate forward on the side of the phalanx till it lies just below 
the palmar skin By infiltrating as the needle is advanced and 
withdrawn, the anterior aspect and the digital nerves on the antcro 
lateral aspect of the plmhnx can be ana?sfchctiscd Tho needle only 
requires to bo pushed laterally toward the opposite bleb and the 
dorsum of the finger infiltrated to have complete anesthesia of the 
¥ finger This method by utilising an approach through the finer 
skm on tlic dorsum of the hand is easier and much more comfortable 
for the patient v 

Spinal anaesthesia This is particularly useful for cases m which 
both legs have been injured, such as bilateral fractures of the os 
calcis It must be used with caie if the patient has been shocked, 
or has not fully recovered from shock Where shock is present 
local anesthesia is to bo preferred 

General anaesthesia (a) Gas and oxygen This is very useful 
for short manipulations and plasters which icquire a period of under 
fifteen minutes If it is decided to prolong the manipulations over 
this time ether must be added Tins anaesthetic is useful for hand- 
ling a large number of Colies 's fractures together Relaxation varies 
considerably from individual to individual Its clnef advantage 
f is that it enables the patient to go homo shortly after the 
manipulation 

(6) Ixthwexocs an, esthetics These are also useful for 
manipulations which may last a little longer than ten minutes 
Rekxation vanes, and a few patients may be restless Tins is dis- 
turbing if one is applying a plaster, and retentive apparatus may be 
disturbed on the return to the ward 

(c) Ethyl chloride This is particularly useful for children, m 
w horn it is quite unnecessary to obtam deep ancesthesia to reduce a 
greenstick fracture With the child doped and just insensible the 
fracture may be quickly straightened, and the subsequent plaster 
applied when the child has come back to consciousness It is 
surprising how good children will he under such circumstances 
v setting most adults a v ery good example 

{d) Ether and chloroform These are only used when 
complete relaxation is required The addition of ether to a gas and 
oxygen preliminary anaesthetic is a satisfactory way of obtaining 
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relaxation when it is required without giving the patient 
much ether The disabilities attendant on having a corapfetdj, 
relaxed patient for plastering have already been outlined 

The most generally useful an cstlictic for fracture and ortho 
psedic work will bo found to bo a combination of intravenous 
pcntothal and gas oxygen anaesthesia Combined with a basal 
narcotic, tlus enables most proceduies to be earned out under ven 
light anesthesia, and where more relaxation is required a further 
small injection of pcntothal may be gn en This method has the 
advantage of speed} induction and is comfortable for the patient 
Continuous intravenous pcntothal has mail} of the same advan 
tages and is v erj satisfactory 

REFERENCES ^ 

Hosroan, J P “ Tho U&o of Local Anesthesia m the Treatment of Fracture 
with Con elusions drawn from Fifty Ciy^es,*’ Bnl J Surg , 1030, 18, 546 
Patrick, J * The Technique of Brachial Plexus Bloch Anesthesia 
Brit J Surg , 1040, 27, 734 (Full article with references ) 



CHAPTER XV 

FRACTURES OF THE SKULL 


Surgical anatomy 

From the point of \ icw of v lolcnco applied to tho skull it must bo rcgaidcd 
as a hollow ellipsoid, tlio bony \ault, closed by \ arious sutmo lines, which 
mcienso its natural elasticity in ono dmction while decreasing it m tho direc- 
tion in which they run 'fins tests on a bnso of more denso and irregularly 
thickened bone, which is weakened by numerous foramina and fissures, but 
is mado moro rigid by tho support of tho bones of tho face Tho posterior 
aspect of tlio v ault rests on tho cerv icnl \crtebi e as on a pedestal 

The mult behove* as a spheroid ill compression injuries to nil points on 
its circumference, hut tho inelastic baso is meapnblo of reacting cvenlv to tho 


n 

Base 



Fie 138 Diagram to illustrate tlio basic mechanical construction of 
the skull 

strain so that internal stresses are set up, which frequently fracture tho base 
I or junction of baso and \ ault, such cracks running complicated paths through 
fissures and forammoi The bone of the \ ault consists of two compact lay el’s, 
the inner and outer tables united by cancellous bone tlio diploe The outer 
table is stronger than tho inner, winch is grooved by the meningeal vessels, 
ami so m pciforatmg injuries tho inner tablo is often most damaged Tho 
mechanical forces generated by a bullet passing out of tho skull after per- 
forating it are such that at the point of exit tlio outer table is more damaged 
In other words the outer tablo lends suppoit to tho inner table which is 
cleanly perforated and tho unsupported outer tablo is shattered, tho 
reverse being tho case at the point of entry 

General considerations Fiicturcs of tho fakull derive their 
nhport ance and interest from the associated damage to the brain 
and other structures in the skull It must be remembered that any 
form of brain damage can co exist aa ith any typo of skull fracture., 
r tllou gli tin y are usually relatia e, the more sea ere the fracture, tile 
more sea ere is the brain injury In So per cent of eases of soacro 
brim damage (here is a fracture of the skull 
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Discussion of fractures of the skull must therefore differ from 
that of fractures elsewhere in that consideration of soft tissue injury* 
must overshadow the bone injury completely Fractured skulk v 
must be considered in the light of the trauma to the brain, and the 
discussion of treatment falls into a discussion of the treatment of 
cerebral injuries In order to regiment one’s thoughts the actual 
fractures must be grouped and the possible brain injuries discussed 
as separate entities, though it must be always borne m nund that 
they run into one another, as may bo seen in Fig 139 w'iuch 
represents the common sequence of events ^ 


Concussion 1 | 

l I 

Cerebral irritation f 

I 

Cerebral compression J, I 
Compensated [ 
Uncompensated 


Shock 


Death 

Fio 130 Sequence of events after severe fracture 
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Bony Lesions in Fractures of the Skull 

Type of violence (1) Direct (a) Puncture wound with sharp 
instrument Stellate fracture Most frequent through nose or 
orbit Limited perforation when in vault 

(b) Large force on limited area, e g , hammer blow, bullet 
Produces a depressed fracture, often with comminution 

(c) Large force on large area Blows with blunt weapons, or ► 
falls in which the skull strikes a hard surface Produces fiactuxe of 
the base and fissure fractures of the vault 

(d) Glancing blows with a sharp edge, eg , a sword, produce 
elevated fractures of the outer table The tendency of the spherical 
skull to glance off a blow protects it from much direct violence 

2 Iis direct Falls on the buttocks, m which the force is 
transmitted up the spine to the occipital bone, and blows on the 
point of the chin, which may drive the condyle through the base 

Usually these lesions and their associated damage are grouped 
as follows 

1 Vault Fractures may be fissured, stellate, punctured, 
depressed, comminuted or elevated 
Intracranial signs and symptoms tend to be 
general 

Readily seen in X-rays 
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2 Basi Fissuied or punctata fractures 

Intracranial symptoms arc both local ami general 

Not easy to see m the X-ray 

More common 

More commonly compound 

Fractures of the Vault 


Mechanism Any blon on the skull of v seventy sufficient to 
deform the skull at the point struck produces a scries of changes in 
the skull and its contents, which vanes only in magnitude Blows 



restricted to small areas tend to damage the scalp tissues, and 
therefore are often compound They produce severe damage at the 
point struck, i e , perforation or depression with, irradiating cracks 
Should the object be a tapering one, the skull may be split as with 
a wedge The inner table, as mentioned, is more severely damaged, 
being weaker, more brittle, grooved by the meningeal arteries, and 
subject to the spread of the lines of force Blows over larger areas 
produce flattening at the point struck, with narrowing of the skull 
^-along the diameter represented by the direction of the force, and 
a corresponding increase in diameter at right angles to this In 
spite of this there is a decrease in the \olume of the skull, which 
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produces an enormous use of pressure in it, transmitted by thp 
C S F to the brain and its blood vessels Tins results first m thet 
emptying of the veins, then a rise mCSF pressure, and compression 
of the brain, emptying of the arteries, and a further rise of CSF 
pressure The brain, though seim-fl uid, beha v es as a solid under these 
conditions, and partakes of the skull damage at the point of impact, 
and is damaged by internal stress to a v arying degree along the line 
of force of the blow, and most severely damaged at the point of evit 
of the line of force from the brain, where the brain is thrown against 
the opposite side of the skull (“ Contra coup ”) 

The skull itself tends to fracture at the point of impact from the 
compression, and this may take the form of a fissure, though it 
would be more characteristically shown by a depressed fracture 
with some irradiating fissures The bursting strain which occurs 
in the skull in a piano at right angles to that of compression (see 
Fig 140) is probably a very rare cause of fracture, and more commonly 
the fracture is seen to run in the same direction as the hne of force 
This is due to the fact that the v iult is not a true sphere, but is 
only two thirds of one, with a firm and rigid base (Fig 138) Force 
applied m an A P direction to the skull is unable to compress the 
base, and the skull tends to split m two halves opening outwards 
on this, much the same as an orange when cut half through tends to 
open up when squeezed from end to end of the cut Transversely 
applied force tends to produce a transv ersc fissure A careful analy sis 
of the hne of force and the X ray will often enable one to deduce 
the type of stress w Inch caused the fracture 

Fractures may occur at some distance from the point of impact* 
when the blow itself may produce no local damage Except m the 
infantile skull the tentorium and faK play little part Rarely the 
great vein of Galen may be torn from its junction with the straight 
smus Tearing of the faK is only associated with severe trauma 
The most important trauma, however, is that which may occur 
to the brain after the blow, from the continued haemorrhage 
of a torn vessel, which bets up a series of reactions to be described 
later 


Mode of Bram Damage 

1 Penetrate* g injibies (Fig 142) The penetration of a 
bullet or a fragment of shrapnel produces an explosiv e effect inside 
the skull and damage scattered along the track Foreign bodies, 
botli bony and metallic, may be distributed among the bruised 
tissues and v ascular damage mav be mm ere 

2 Locae reformation (Fig 143) The degree of damage per 
nutted by this is dependent on the elasticity of the skull In the 



^ Ir HI t mo fi-nuio fracture of the occipital bone 1 unnmg into tho 
formmn mu„nuin following a fail on tiie back of tlio skull 
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produces an enormous rise of pressure m it, transmitted by tbe 
C S F to the brain and its blood vessels This results fir&t in tl«\ 
empty mg of the v ems, then a rise in C S F piessure, and compression > 
of the brain, emptying of the arteries, and a further rise of CSF 
pressure The brain, though semi fluid, bchav es as a solid under the** 
conditions, and partakes of the skull damage at the point of impact, 
and is damaged by internal stress to a varying degree along tbe line 
of force of the blow , and most severely damaged at the point of exit 
of the hue of force from the brim, where the bram is thrown against 
the opposite side of the skull (“ Contre coup ”) 

The skull itself tends to fracture at the point of impact from tie 
compression, and this may take the form of a Assure, though it 
would bo more characteristically shown by a depressed fracture 
with some irradiating fissures The bursting stram which occurs 
m the skull m a plane at right angles to that of compression (see 
Fig 140) is probably a v ery rare cause of fracture, and more commonly 
the fracture is seen to run m the same direction as the line of force 
Tlus is due to the fact that the vault is not a true sphere, hut 
only two-thirds of one, with a firm and rigid base (Fig 138} Force 
applied in an A P direction to the skull is unable to compress the 
base, and the skull tends to split m two halves opening outward* 
on this, much the same as an orange when cut half through tends to 
open up when squeezed from end to end of the cut Transversely 
appbed force t ends to produce a transv erse fissure* A careful anal} 
of the line of force and the X-ray will often enable one to deduce 
the type of stress which caused the fracture 

Fractures may occur at some distance from the point of impact, 
when the blow itself may produce no local damage Except in the 
infantile skull the tentorium and fak play little part Rarely the ' 
great vein of Galen may be torn from its junction with the straight ’ 
sinus Tearing of the fa K is only associated with severe trauma 
Tho most important trauma, however, is that winch may occur 
to the bram after the blow, from the continued haemorrhage 
of a torn v essel, w Inch sets up a senes of reactions to be described 
later 


Mode of Brain Damage 

1 Penetrating injibies (Fig 142) The penetration of » 
bullet or a fragment of shrapnel produces an explosive effect inside 
the skull and damage scattered along the track Foreign bodies, 
both bony' and metallic may be distributed among the bruised 
tissues and vascular damage niav be severe 

2 Local deformation (Fig 143) The degree of damage per- 
mitted b\ this is dependent on the elasticity of the skull In the 
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tio 142 The damugo produced by a bullet wound of tho s>kull Note the 
-.tattering of fragments of bone through the brain tissue {After 
Vakms } 



tic 143 Compound depras^ed fracture of the frontal bone 

infant brain damage maj occur without fracture of the skull In the 
adult 70 per cent of cases of se\ere brain miurj will show fractures 
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of the brain remote from the sido of injury to the skull Damage 
rliere may bo due to, 

1 Deceleration 

2 Traction from acceleration (suction) 

1 The compression of an opposite polo in gross deformations of 
the skull 

Fractures of the Base 

Mechanism This may bo 

1 Perforation, eg , a pencil pushed through the orbital 
plate 

2 Irradiation from a fracture of the vault 

3 Bursting fracture, due to stress set up m the hone in a plane 
at right angles to the direction of the force 

p 4 Indirect \ lolence transmitted along the spine to the occipital 
condyles Produces fissure fractures m the region of the foramen 
magnum 

5 Indirect violence applied to the point of the jaw may drive 
the condyle of the mandible tlixough the glenoid, or fissure the middle 
fossa 

The areas of the base most liable to damage are the cribriform 
plate, the orbital plate, the body of the sphenoid, the petrous bone, 
and the thin areas of the cerebellar fossrn The dangers arise due to 
the fissures communicating w ith potentially infected cavities, such 
as the ear, nose and sinuses 

The Clinical Examination of Cases of Fracture of the Skull 
^ This may be extremely difficult in an irritable patient X-ray 
may be impossible without an anaesthetic, as may lumbar puncture 
One must decide how important the information to be obtained from 
these proceedings is, relative to the condition of the case before 
carrying them out, but when in doubt it is better to investigate 
further 

History This usually has to be obtained from an associate 
in acute cases The patient may be able to help, but his amnesia 
coiers the most important period, and its length is some measure 
of the se\enty of the accident 
One must ascertain, 

Type of injury, t e , blow, fall, bullet, etc 
Severity of the force, i e , height of fall 
r Length of time since accident 

Mental condition of patient smee accident 
If vomiting has occurred, a sign of recovery 
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of the skull, and fractures will be found in 90 per cent of autopsies 
for brain injuries Local deformation produces local brain damage % 
It is perhaps most important as a cause of injury to the meningeal \ 
vessels 

3 Mechanical causes The brain having inertia and not 
occupying fully tho skull cavity, is hable to injuries from accelera 
tion and deceleration Although lying m a fluid bath, the readv 
displacement of tho C S F can offer little softening effect to such 
forces 

(a) Acceleration (Fig 140) When struck violently the force 
transmitted to the skull may cau^e it to strike against the brain on 
the side of impact as the brain lags behind owing to its inertia 
Damage may thus occur at the point of impact without a depressed 



ilO U4 Effect of deceleration on tho hhull— single arrow indicate* 
direction of motion multiple arrow t. resistance Tho dark areas 
represent areas of compression tho dotted areas those of damage by 
tension and rupture » 

fracture occurring, though general deformation of the skull and 
possibly a Assure fracture may be present 

(6) Deceleration (Fig 114) In a similar maimer, when the skull 
ts suddenly brought to rest by sinking a hard surface such as a metal 
road, the brain travels on for a fraction of a second and strikes 
against the surface of impact At the same time the brain separates 
from the opposite side of the skull and damage from traction or 
suction may occur there 

(c) Rotational acceleration and deceleration If the head is 
violently spun by a blow at one or other end of its axis the contents 
may be swung against the tentorium or fabc This accounts for the 
damage frequently found in these regions for both structures oppose 
acceleration or deceleration 

Contrecoup This term is used to describe damage on the surface 
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It is difficult to recognise the pilsy, but the pitient may complain 
y^of diplopia oil looking down and in 

f 3 Trigeminal Rarely injured Loss of perception of touch 
and pain o\cr face ind forehead according to the divisions injured 
Corneal relle\ may go Pir.djMs of muscles of mastication ' 

0 Abducent Long nitracr mial course, liable to damage 
Paraljsis of the literal rectus with loss of lateral movement of the 
eye Convergent squint, with diplopia on looking to affected side 

7 Facial Lesion is usually infranuclear, at the base of the 
brain or m the tempor d bone Produces facial asymmetry and loss 
of response of facial muscles to irritation Unconscious patient may 
blow the check out 

8 Auditory Accurate test requires co operation Patient may 
not respond to sounds on that side May be associated with lesions 

T of the 7th nerve Vertigo Tinnitus Njstagmus 

9 Glossopharyngeal Very rarely involved Loss of taste over 
posterior third of tongue 

10 Vagus Paraljsis produces palatal paralysis, some difficulty 
m swallowing, and alteration in voice The vocal cord assumes the 
cadaveric position Verj rarely injured, and then usually 
incompletelj 

11 Accessory Trapezius paraljsed, and patient cannot shrug 
the shoulder 

12 Hypoglossal Paralysis of the tongue on one side so that on 
protrusion the unparalysed muscles force tip ov er to the side of lesion 

Examination of the muscular sxstevi In the unconscious, 
pick up the arms and allow to fall, estimating the muscular tone 
Endeavour to obtain the withdrawal reflex by pricking the sole of 
the foot Attempt to open the eyes This is easier on the paralysed 
side Pricking the face or pressure on the supraorbital nerve may 
produce a grimace The knee jerks are absent in concussion, in 
which there is complete loss of tone In cerebral irritation all the 
reflexes are hyperactiv e The plantar reflex and abdominal reflexes 
may show changes as in cerebral haemorrhage, % e , changed or lost 
due to |oss of the cerebral path 

In cerebral compression, in the first stage of irritation the 
reflexes on the side of the bodj opposite to the lesion are hyper- 
active With the development of the second stage of paralysis, or 
in trauma to the motor area, loss of upper motor neurone control 
again produces, or continues, the liypertomcity of the muscles on 
the same side of the body, which become spastic 
V examination This is v ery important Often the 

patient is too restless in the early stages, and the examination has 
to be postponed If necessary an an isthctic may lie given when it 
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One may be able to learn, 

If there is any history of prev ious skull injury > 

If there is any neno palsy or nervous disease i 

If the B P is higher than normal 
Whether the patient has been drinking 
If there is a history of fits or previous coma 

If there is no history available the diagnosis from a cerebral 
haemorrhage or other lesion may be impossible, especially if there are 
facial or other injuries 

Examination Tins should be carried out preferably m a 
separate room, warm, and with a good light, so that the patient may 
be safely stripped Associated injuries should be excluded and 
dealt with, temporarily to enable the surgeon to concentrate on the 
cerebral injury 
Inspection, 

Position of the patient Colour Respiration 
Site of laceration, abrasion, Inematoma 
Type of movements if any, of the extremities, facial 
muscles 

Bleeding from the mouth, nose or ears 
Presence of an orbital hacmatoma 
Depth of coma 
Palpation, 

Symmetry of the skull 

Resilience of tissues below the h cmatoma, or abrasion 
Presence of a hematoma m neck muscles 
Neck rigidity , or Kermg’s sign 

Recoid the B P , pulse and respirations, and continue to do so 
hourly 

Proceed to a thorough clinical examination of the C N S if the 
patient’s condition will allow it 

Cranial nirvls (1) Olfactory Impossible to test m usual 
case Anosmia complained of later 

2 Optic Requnes patient's co operation, except for the light 
reflexes Important, but less so than opt halm oscopie examination 

3 Oculomotor .Supplies all ocular muscles but the superior 
oblique (4) and the lateral rectus (6) Conveys fibres to sphincter 
pupilke from the cavernous plexus through the short ciliary nerves 
A lesion may be partial or complete Complete paralysis gives a 
divergent squint, ptosis, and a dilated pupil with no reaction to light 
or accommodation A dilated pupil alone is more likely to be duo* 
to injury to the sympathetic fibres around the internal carotid 

4 Trochlear Supplies the superior oblique R ireR injured 



FRACTURES OF THE SKULL 


20T 


bailer In order to distinguish the degrees of confusion more accur- 

r tttel} the Medical Research Council suggest that the findings be 
recorded under the follow mg heads — 

Mild A state in which the patient, though presenting the charac- 
teristic feature of confusion in some degree, is capable of coherent 
com creation and appropriate behaviour 

Moderate A state m which the patient, though out of toucli 
with Ins surroundings, can give rele\ant answers to simple questions, 
such as “ What work do jou do 1 ”, “ How old are jou * ”, “ Where 
do } ou In e ? ” 

Seiere A state in which the patient, though for the most part 
inaccessible, will occasionally show adequate response to simple 
commands forcibly giv en and, if necessary, reinforced by appropriate 
gestures, e g , “ Put out jour tongue,” “ Take my hand ” 
y The next stage is the stage of semi-coma m which the patient 
maj be made to give some response, eg , to screw up the face when 
pressure is placed on the supraorbital ner\e The swallowing and 
corneal reflexes are present, and the patient will usually evacuate a 
full bladder when discomfort occurs incontinently 

In coma, the deepest state of unconsciousness, the patient is 
completely inert and does not respond to any stimulus Retention 
of urine and overflow are usual The corneal and sw allowing reflexes 
may or may not be present It is indicative of severe damage to the 
brain and the longer it lasts the more serious the outlook A change 
m the patient’s state of consciousness is a most important prognostic 
sign for good or ill 0 

Position of the patient This is dependent m the unconscious 
on the distribution of muscle tone throughout the body, and is pro- 
foundly modified by damage to the various centres whose pathways 
control the lower motor neurone Damage maj r occur at various 
levels in the brain and brain stem, and in various combinations which 
account for the complicated and changeable features met with 
Hemiplegia, monoplegia, convulsive twitching, changes in muscle 
tone and in muscle spasm should all be analysed as far as possible 
m relation to experimental physiology Here division of the motor 
tracts below the levels indicated produces the following changes — 


V 


Level 

Motor cortex 
Basal ganglia 
Red nucleus 
Deiters nucleus 


Observed changes 

Hemiplegias and monoplegias (Irritation pro- 
duces twitching and convulsions ) 

Slowness of movement, tremors and rigidity, 
expressionless face 

Decerebrate rigidity Extensors in spasm, flexors 
relaxed (may be confused with menmgitis) 
Extensors relaxed and flexors in spasm 
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is thought that the information is important In addition to the 
fissures winch may bo seen, in rare cases, particularly fractures oi 
the frontal region, air may escape into the skull or scalp and cast 
a shadow m the X-ray 

'Confusion with the various other lines visible on the skull should 
be avoided Generally speaking, the fracture line will be sharp and 
clear cut in at least one view of the skull It shows no relation to 
other lines present, 'which it usually crosses, and it may angle 
sharply Suture lines rarely cause confusion on account of their 
serrations Meningeal vessels and diploic veins have fairly sharp 
margins, but they occur in recognised situations The meningeal 



Fia 145 The radiological markings of tho \ault of tho skull — 

A The pancto occipital suture 
B The groot cs oF the meiungcsl \ fins anti arteries 
C The fronto parietal euture 
D The diploic -s eriou s sinuses 
E The frontal sinus 
F The sella turcica 

vessels branch like a tree and the diploic veins run an irregular 
course producing patterns with a large mesh (Fig 145) 

Analysis of Clinical Findings 

The analysis of the signs and symptoms of cerebral injury is not 
simple This is due to the uneven and widespread distribution of 
the lesions and the uncertain mechanism underlying cerebral states 
such as concussion Over the whole is placed the blanketing action 
of unconsciousness in most eases 

Unconsciousness is the most conspicuous feature of any severe 
head injury, and varies considerably in depth. In the mildest forms 
the patient is merely dazed and may be able to continue his activity 
with merely some impairment of efficiency, eg, the stunned foot 
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2 Uicic is no postuior limit to the conjunctival li unorihagc 
1 The conjunctiva itself is not mjuicd or cedenmtous 
EsCUi oichi It in ly escape fiom the nose due to cribriform 
damage, giving nscjto the condition Known as traumatic rlnnorrhcea 
Bn viv vi inrii nmj also esc ipe, in cither case tlie importance of 


the observation is due to the attendant nsk of infection 

EsC vrr of vm Air fiom the ctlunoids or the frontal sinus may 
form localised crepitant collections under tlie scalp 

I\-JUK\ to m.h\ls The nerves involved may be the olfactory, 
optic, the oculomotor, the trochlea, the abducent, and the ophthalmic 
division of the trigeminal 

Middle fossa H LWOHHil vgl Fiom the nose and mouth Due to 
comminution of the sphenoid bodj Botli the cav ernous sinus and 



the internal carotid may be injured, giving use in some cases to an 
arteriovenous aneurjsm 

Auial This is pathognomic of middle fossa fracture, if damage to 
the external auditory meatus is excluded 
c s f may also escape from the ear 

Bn civ matter has also been observed to discharge from the ear 
Air may escape from damage to the mastoid air cells 
Ivjur\ to xerves due to involvement in the Assuring of the 
petrous temporal may occur to the trigeminal, the abducent, the 
facial, and the auditory In injuries the haemorrhage may so 
damage tlie drum that the impairment of hearing cannot be assessed 
till later Disturbances of the vestibular division are common 
Posterior fossa H emorriixge May occur into the tissues of the 
neck, with stiffness and the late appearance of biuising, or into the 
scalp in the mastoid region 

V Tin- c s f and brain matter liav e no channels for escape, except 
in severe compound mjuues # 

Air maj escape from the mastoid region 
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Eye muscles These may be thrown out of action by other causes 
than nerve palsy, and watch has to he kept for the effects of damage < 
to the orbital cavity and haemorrhages mto the orbit The majority i 
of squints are due to brain stem lesions of a transient type, probably 
vascular, and recovery is rapid and complete 

Pupils Rapid change m size of pupil and varying size of pupil 
are common y and indicate brain stem lesions of a similar type to the 
transient oculomotor palsies The pupillary change indicating 
pressure is the fixed dilated pupil, which does not respond to light 
shone mto it, or mto the opposite eye (consensual reflex), and may 
be reached by the senes of steps shown in Fig 150 Tins indicates 
that the occulomotor nerv e is being stretched, bj depression of the 
brain stem, from a rise m supra tentorial pressure This is also the 
most common cause of decerebrate rigidity winch occurs after an 
interval (immediate decerebrate rigidity is due to local brain stem y 
damage) It demands relief from pressure by decompression It is 
m these eases that serious complications may follow lumbar puncture, 
which allows the medulla to prolapse further with resultant increased 
pressure on it 

Special Clinical Features of Fractures of the Base 
These may be duo to 

1 External haemorrhage 

2 Escape of cerebrospinal fluid 

3 Involvement of cranial nerve*. 

4 Escape of brim matter 

5 Escape of air from the air sinuses 

These features can be grouped according to the fossa affected 
Anterior fossa H-euorrhage Nasal Have to exclude Wows * 
ou the nose or luuuorrhage mto the antrum Occurs from rupture 
of the cribriform plate 

Oral Hemorrhage from the post nasal region may trickle out 
of the mouth Hav e to exclude oral damage In this and preceding , 
case the blood may be swallowed and later vomited 

Orbital Haemorrhage into the muscles may result in squint 
If more severe there may be proptosis, with a dilated inactive pupil 
Hemorrhage mto the hds mav occur from damage to the ethinoids 
frontal sinus, or from blows on the e> e Haemorrhage from fractures 
shows itself after a lapse of tune, and trickles first mto the lower bd 
There is no sign of external damage, and w hen it passes below the 
conjunctiva} it forms a wedge with its base m the lateral fornix, 
md extending mfenorly, and with the following characteristics *t 
1 The haemorrhage is limited by the palpebral fascia to the 

orbital margins and tends to be circular 
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The face is pale and the temperature subnormal 
The pupils are dilated and may not react 
Respiration may ccaso momentarily, then is shallow and 
barely perceptible 

The pulse may be imperceptible, and is usually quickened 

2 Recovluy Sets in in the uncomplicated case in a feu 
moments 

The pulse and respirations improve 

The pupils react sluggishly to light Eyes remain closed 
and open on recovery . 

The patient may stir a little or react to disturbance 
The visceral reflexes return and the patient usually vomits 

3 Reaction' Accompanies recovery and persists some time 

Headache, restlessness and irritability 
Mental clouding 
Giddiness and trcmulousness 
Nausea and a feeling of weakness 

Loss of memory for a period shortly before, during, and for 
a short time after the accident, the length of time 
usually being related to the seventy of the blow As 
time elapses the interval of forgetfulness decreases, 
but there is absolute loss of memory for some period 

If the patient passes into cerebral irritation the reactionary 
period is delayed, and occurs after an interval which may last weeks, 
but is correspondingly modified 

Physiology of concussion and theories to account for it The 
sudden loss of consciousness and the generalised muscular collapse 
suggest cerebral involvement, while the cardiac and respiratory 
disturbance suggest that the midbram is compressed All features 
are most readily explained by the hypothesis that the sudden rise 
of pressure in the skull produces a transient anaemia of the brain 
by driving the blood out of skull In addition to this the rise of 
pressure m the C S F in the lateral and third ventricles may force 
an excessive amount of fluid through the iter into the fourth 
ventricle and by compressing the midbram centres around the iter, 
aid in the disturbance 

Other theories I Multiple microscopic lesions These would 
not be hkely to cause such uniform and widespread features, but 
may be associated in certain cases 

2 Jlolecular derangement This is an old theory w Inch supposes 
that the neurones are mechanically jarred out of position The 

^ complete recovery is not explainable on this hypothesis 

3 “ Tillman’s hypothesis ” This is based on the different S G 
of the white and grey matter It is supposed that a separation 
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Injury to neiivls may involve tho facial from a crack across 
the petrous temporal, the hy poglossal, or the auditory 

A typical fracture of the posterior fossa involves the jugular 
foramen, hut the nerves in tins foramen are rajely injured 

Special Treatment of these Symptoms 

Hemorrhage or the discharge of C S F from the nose If small, 
leave alone Syringing is absolutely contra-indicated owing to the 
risk of infection If severe, one may be forced to pack A post 
nasal pack is put m first, and then the anterior narea packed The 
patient must then he watched for the development of compression, 
from blocking the escape of blood 

A bleeding ear may need cleansing on the exterior to be certain 
that the blood has not run into it from outside If bleeding is 
coming from the drum it should bo cleaned with spirit and left 
Syringing is dangerous If there is a free discharge of blood there 
is a rare possibility of a middle memngeal haemorrhage being exter- 
nalised A pad over the ear to absorb the discharge, whether C S F 
or blood, is ail that is allowable 

CEREBRAL STATES ASSOCIATED WITH BRAIN DAMAGE 

1 Concussion 

2 Cerebral Irritation or traumatic delirium 

3 Coma or traumatic stupor 

CONCUSSION 

This is a rather ill-defined condition owing to its uncertain 
pathology which is stated to have occurred after all blows sufficient 
to cause loss of consciousness Some authors add a rider to this, 
that it must leave no permanent effects, and is always followed by 
recovery When the mechanism of concussion is discussed it will 
be seen that it may occur and be followed by cerebral irritation 
and later traumatic stupor It 13 therefore considered here as an 
entity which may exist alone, or have superimposed on it a further 
senes of changes producing cerebral lrntation and traumatic stupor 
The persistence of any sequelae following concussion indicate that 
more than simple concussion has occurred 

The symptoms of concussion may he divided into tjfuee stages 
1 Onset Instantaneous following the blow 

The loss of consciousness is absolute, and there is no 
response to any stimulus, and a loss of all reflexes 
• The limbs are flaccid and relaxed, and the sphincters may 
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Pitient is often noisy ami innj haao a cry icsoniklmg the 
memo goal crj 
Delirious at nights 



bio 14s Tho posture in cerebral irritation Tliobodj lies curled up and tho 
face is turned a«n> from tho light A fracturo of the loner end of tho 
tibia has been immobilised in plaster 


Phjitctan or Surgeon Patient s Name 



ilG 149 Tho temperature chart in a case of cerebral irritation 

When roused may be \xolent 
May refuse all feeding 

Incontinent, often of both bladder and bon el 
Pulse is usually variable, of regular and moderate \ olume, 
becoming \teaher with deterioration in the patient’s 
general condition 
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occurs between them on account of this, when they are jarred This 
is again incompatible with the complete reco\ery \ 

The reaction stage is characterised by a return of blood to the 
brain, and a reactionary hyperactivity and irritability , of which one 
obvious feature is the vomiting 

Treatment of concussion without fracture At the time of the 
accident all that can be done is to see that the patient beam a com 
fortable position w ith a free airw ay till lie can be put to bed Stiniu 
lants are usually forced on the unconscious by the laity and may 
later form the grounds for an accusation of drunkenness A* 
concussion without further complication lecovers spontaneously in 
a short period at the most, the only treatment to be discussed is 
that of the rest necessary afterward The length of this must be 
governed by the length of tune concussion lasted, the association of 
other injuries, the age and general condition of the patient, the type of \ 
mental w oik the patient does, and the patient’s general mental type 
Thus a scnsitiv e highly strung, intelligent bramw orker w ill require the 
maximum period of rest compared with a dull, heavy labourer who 
feels fit for w ork the next diy A period of rest of from one to two 
weeks should be insisted upon and a longer period is often desirable 
Prognosis At the tunc of accident it must be guarded, as the 
development of further v ascular damage cannot be forecast If the 
reactionary stage sets in rapidly and the blow has not been severe, 
the outlook is good If the injury has been severe, concussion may 
be very short with small depressed fractures, and though recovery 
has set m the outlook is still very uncertain 

Sequels These will only be mentioned litre, and discussed 
more fully later 

Headache Loss of memory [Some period of loss is certain, 
but it may reach back before the accident for some time, and return 
later 3 Impaired concentration Veitigo Increased susceptibility 
to alcohol Alterations m character art usually associated with 
more severe injuries 

CEREBRAL IRRITATION OR TRAUMATIC DELIRIUM 

A condition characterised by increased excitability of all nervous 
tissue, i p increased knee jerk% and in the higher centres photo 
phobia and dislike of any interference It follows on concussion 
with no intermediate period of recovery It may persist for a few 
hours, or may last for several weeks 

Sxmttoms The patient lies curled up with knees flexed and 
head turned into the pillow (see Fig 148) < 

Photophobia Pupils normal 
Disorientation 
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C S F pi assure is raised in most cases lias given rise to the use of 
lumbar puncture as a therapeutic method It is difficult to explain 
its rationale, as the removal of CS F can have little effect on the 
oedema of the brain, and the small amount removed to bring the 
pressure to normal will very rapidly bo made up again It is a fact, 
however, that the patient’s general condition may improve rapidly 
after lumbar puncture, and as the L P is usually warranted as a 
clinical investigation to further the diagnosis, it is a justifiable line 
of treatment Some small risk is run in severe head injuries of com- 
pressing the medulla by its being forced into the foramen magnum, 
with collapse, and possibly death if more than a few cc are 
w 1 th drawn 

Attempts have been made to reduce the oedema of the brain by 
the use of hypertonic saline and glucose The use of these intra- 
venous methods seems to have arisen from a mistaken idea of the 
phj siology of the brain The hypertonic saline in the vessels rapidly 
withdraws the fluid from the tissue spaces to reduce the osmotic 
pressure of the blood, and has been shown clinically and experi- 
mentally to reduce the oedema of the bram Later on, however, 
some of the salt being dialysable passes into the cells themselves, 
and when the salt content of the blood is reduced by renal action, 
may withdraw fluid from the blood, to bring the cell protoplasm 
back into an isotonio condition The temporary dehydration may 
thus be followed by a wave of oedema as bad or worse than before 
The same objection holds to the use of glucose, but not to sucrose 
(cane sugar), which is not dial} sable and lias to wait for reduction 
m the bver before being absorbed It may thus exert a prolonged 
dehjdratmg effect on the cedematous tissues 

Simple dehydration alone may accomplish much Often the 
patient by refusing food and drink accomplishes tins for himself 
If he is taking fluids they should be cut down to 30 ounces a day, 
and if possible these should be of a hypertonic nature, such as glucose, 
saline, or salty broths To aid this magnesium sulphate may be 
given by mouth, or, if the patient cannot swallow, by rectum 

As the perivascular spaces may be damaged by the trauma, and 
the C S F is absorbed by them, another disturbing feature is intro- 
duced into the picture On physiological grounds, therefore, the 
use of dehydration should be restricted to patients with a raised 
0 S F pressure, and the use of intravenous sucrose to patients in 
whom unconsciousness has persisted for some time (See treatment ) 

As to its action we can only suppose that it acts by disturbing the 
/* disordered mechanism, and that the readjustments which are then 
made favour the normal 6ide rather than the abnormal, and may 
start a return to normal, or if repeated, may summate 
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Temperature also variable Normal at first May thea 
get a rise m forty-eight hours persisting for two oi^ 
three days, and then becoming normal again {see 
Fig HO) 

Respirations are normal 

The blood pressure is normal 

The C S F pressure is raised in most cases, but is subnormal 
m some 

The condition can bo discussed m three stages 

1 Onset Following shock or concussion 

2 Developed state 

3 Recovery period 

Pathology May be defined as that of general cerebral contusion 
with which may c\ist lesions due to direct laceration of the brain, t 
and haemorrhage Microscopically the brain is often swollen and 
ccdematous Minute multiple punctate haemorrhages are scattered 
throughout the cerebral tissues in the white and grey matter 
Larger haemorrhages may be present in the frontal, temporal and 
occipital lobes (Polar contusion ) 

The lesion of “ contre coup ” is usually a subarachnoid haemor- 
rhage, and may be due to the brain being torn aw ay from the meningfc- 
by its own inertia, when the skull is struck, or possibly its own 
momentum carrying it against the skull when the force of the blow 
has ceased This is the usual raust of polar contusion 

Microscopically the minute haemorrhages tend to have a peri- 
vascular distribution, i e , ringed around the blood vessels, while the 
pern ascular spaces are cedematous and contain red blood corpuscles 
Physiology The variability of the pulse rate ib marked, and may 
be due to upset of the heart regulating centre m the hypothalamus 
Usually rapid at first it falls as recovery occurs, but later on it may 
rise again as the patients general condition deteriorates from 
inability to provide adequate food, and the continual restlessness 
The rise of temperature which occurs may be similar to that 
occurring after haemorrhage elsewhere, t e , due to absorption of 
products of autolysed blood The blood m the C S F disappears 
very rapidly, being absent at the end of the third day and only 
leaving a slight decreasing discoloration for the next ten days or so 
Persistence of blood in the C S F beyond this period indicates that 
fresh hemorrhage is occurring 

C S F pressure This is also \ anable, w hich makes the theory, 
that cerebral irritation is due to increased pressure only, untenable 
It is admittedly usually raised, and if very high, i e ,m the neighbour- ’ 
hood of 300 mm of water, there is cerebral compression In the 
majority of cases it is between 120 and 200 mm The fact that the 
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Rlstllssnlss vnd UMRVL iiuuT ibiliti This can be toil* 
r troll oil by a Ninety of sedatives, which are adjusted to suit the needs 
of the case Chloral and pot bromide, paraldehyde, and Dovers 
pow dcr nn\ be used by mouth Mhere the patient is mtolennt 
of this mode of administration he is usually more intolerant of rectal 
adimmstntion of bromides or paraldehyde, and one Ins to lmc 
recourse to mtrimustul ir injection-' Sodium luminal m 2 to 4 gr 
do-es may be gi\en uid repcited whtn necessary In acute phases 
mtruuuscul ir evipan is Useful Morphia should bo molded as it 
has an effect on the pupils, md has been shown to raise the C S F 
pressure, is well as depress rtspintion Morphia, however, is 
better than t strut jacket md should be used if the condition 
warrants it 

Lumbir uncurl This should not be done as a routine 
It may be necessary to estibh-h the diagnosis accurately , or to 
exclude suspicions of brain trauma m the unconscious At tjie end 
of eighteen hours if the pitieut has not regamed consciousness 
lumbar puncture is earned out A general auasthetic may he 
necessary and the moment may be seized to feed the patient at the 
same time The C S F pressure should he recorded and if nised it 
is, lowered to one tlurd of tlic rawed pressure thus v pressure of 
240 mm of w ater would he reduced to SO mm This is done regird- 
less as to whether the fluid is blood st lined or not, and is done 
slowly usmg the manometer as a control The amount of blood m 
the CSF is noted If sin ill it is evidence of damage which is 
probablv settling If large there is severe damage, and a repeat L P 
must he made ill six hours and, if necessiry, made again, to see if 
the amount is deere ising If not, h vmorrliage is continuing md this 
1 will generally he shown b\ the iceompiiiMiig signs of increased 
intracranial pressure 

If the CSF is normal m colour and pressure, the outlook is 
reisouable in the ihsence of other features, and no further benefit 
is to he obtained from L P If the CSF is raised m pressure, then 
L P is repeated in twelve hours A fill of pressure in subsequent 
punctures is a good omen The value of lumbir puncture is i 
therapeutic method is undoubted, though its rationale is difficult to 
explain For the same reasons the use of dehydration therapy is 
debatable There cm be little harm m supplementing the lumbar 
puncture with the iwe of 3 ounces of m ignesium sulph ite in 0 ounces 
of water per rectum in in eiulc uour to reduce cerebral adciua, 
and if progress is still unsit isf let orv the use of intravenous sucroso 
? Amounts varying from 25 to 100 e c s of a 50 j>cr cent solution may 
be given intravenously 

After forty -eight hours if the p atient lias not regamed conscious- 
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Rl STLLSbNLSS AND OIMBAL IRKlTAllILlTi TlllS CA11 be con- 
trolled by a \ ancty of xcdutn es, w Inch nro adjusted to suit the needs 
of the cisc Cliloril and pot bromide, paraldehyde, and Dover’s 
powder may be used by mouth Where the patient is intolerant 
of this mode of admmistr ition he is usually more intolerant of rectal 
administration of bromides or paraldehyde, and one lias to have 
recourse to intrimuscul ir injections Sodium luminal in 2 to 4 gr 
doses may be given xiul reported when necessary In acute phases 
lntramuscul xr evipan is useful Morphia should bo avoided as it 
has an effect on the pupils, and has been shown to raise the C S F 
pressure, as well ns depress respiration Morphia, however, is 
better than a strait jacket, and should bo used if the condition 
warrants xt 

Luvibau l’LXCTUiib This should not be done as a routine 
It may be necessary to establish the diagnosis accurately, or to 
exclude suspicions of brain trauma in the unconscious At tjie end 
of eighteen hours if the patient has not regained consciousness 
lumbar puucture is carried out A general anaesthetic may be 
necessary , and the moment may be seized to feed the patient at the 
same time The C S F pressuie should be recorded and if raised it 
is lowered to one third of the raised pressure, thus a pressure of 
240 mm of w iter w ould be reduced to 80 mm This is done regard 
less as to whether the fluid is blood stained or not, and is done 
slowly , usmg the manometer as a control The amount of blood in 
the C S F is noted If small it is evidence of damage which is 
probably settling If large there is se\ ere damage, and a repeat L P 
must be made in six hours, and, if necessary, made again, to see if 
the amount is decreasing If not, lnemorrhage is contmumg and this 
will generally be shown by the accompanying signs of increased 
intracranial pressure 

If the C S F is normal in colour and pressure, the outlook is 
reasonable m the absence of other features, and no further benefit 
is to be obtained from L P If the C S F is raised m pressuie, then 
L P is repeated in tw elv e hours A fall of pressure in subsequent 
punctures is a good omen The value of lumbar puncture as a 
therapeutic method is undoubted, though its rationale is difficult to 
explam For the same reasons the use of dehydration therapy is 
debatable There can bo little harm in supplementing the lumbar 
puncture with the use of 3 ounces of magnesium sulphate m 0 ounces 
of water per rectum m an endeavour to reduce cerebral oedema, 
and if progress is still unsatisfactory the use of intravenous sucrose 
Amounts v ary mg from 25 to 100 c c s of a 50 per cent solution may 
be given mtravenously 

After forty eight hours, if the patient has not regained conscious- 
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ness and the C S F pressure is persistently high, the question of a 
subtemporal decompression will have to be considered to break the \ 
vicious circle present A fixed dilated pupil, the late onset of 
decerebrate rigidity, or retrogression following a period of improve 
meat, may be additional factors in deciding the time and side for a 
decompression 

Recovery This is an interesting period, in which the patient 
seems to familiarise himself with various things which he has 
apparently forgotten It may be a dramatic moment when the 
patient first takes a cup for himself and uses it, however clumsily, 
for drinking Once one chain of ideas is established recovery is 
usually rapid 

A long period of rest is to be recommended after this, the length 
of time vary mg with the circumstances of the case, as previously t - 
desenbed, and it may vary m length from two months to two years 
The criteria of recovery can be deduced from a perusal of the sequel® 
of the condition, and not till the patient is free from all these is 
recov ery complete This may cause some difficulty where there are 
mental changes as a result of the blow, but here wo tread on the 
provmce of the alienist 

Prognosis. The same uncertainty applies to cerebral irritation as 
to concussion, and it is only after borne time has elapsed and repeated 
observations of the patient made, that a prognosis can be given 
The seventy of the blow, the X-ray evidence of the fracture, the 
amount of blood m the C S F , the length of time cerebral irritation 
has lasted, all play a part m deciding as to the outcome In the 
absence of features of compression it can alw ays be hopeful With 
regard to the sequels one must usually hedge In cases of quite 
short duration the sequelae may be very severe, while in cases who t 
have lam days unconscious no ill -effects may be noted In general, 
of course, the longer the irritability persists the w orse the sequel® 
After twenty-four hours the longer the patient lasts the greater the 
hope of the recovery of life, but the more likelihood there is of 
sequel® 

It may be useful here to list the causes of death in cases of head 
injury, as a guide to the complications to be expected, and avoided 
if possible 

Duo to massive, brain injury, shock and hemorrhage in severe «»» 


fractures, the patients dying under ten hours 25 

Cerebral compression Death usually m tw enty-four hours 46 

Pneumonia 5 T 

Exhaustion 3 

Meningitis 8 

Other lesions and associated injuries 14 
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TRAUMATIC STUPOR OR CEREBRAL COMPRESSION 
A certain percentage of these cases have not a raised C S F 
pressure, and sq the term cerebral compression is not strictly accurate 
The mechanism of cerebral compression is, how over, the most 
common cause of the symptoms to bo described Where the C S F 
pressure is not raised wo must postulate damago to vital centres, 
widespread areas of thrombosis, and littlo lucmorrliago as the cause 
of the coma This is perhaps more commonly duo to direct brain 
injury 

The staoe of oj»set I It may rapidly develop following a 
period of shock and concussion, indicating severe brain damage 
The patient is usually deeply comatose 

2 It may gradually dev clop after a period of cerebral irritation 
- 3 There may bo very slowly developing pressure, which may 


PUPILLARY CHANGES IN CEREBRAL COMPRESSION 



PUPIL ON SIDE OF COMPRESSION 

PUPIL ON OPPOSITE SIDE 

D 

Slightly contracted • 

Normal 

• 

2. 

Moderately dilated Reacts to light. ^ 

Normal 

• 

3 

More dilated Does not react to light. ^ 

Moderately dilated Reacts to light 

• 

H 

Widely dilated and insensitive 

Widely dilated does not react to light 

• 


Fia 150 


, S lve nse to a period of excitement resembling acute alcoholism, 
^ followed by coma 

4 The stupor may come on after an interval following apparent 
complete recovery from concussion (the “ lucid ” interval), the 
syndrome of middle meningeal haemorrhage 

Compensated coma Symptoms The patient is deeply coma- 
tose, and may show no response to any stimuli Generally there is 
some slight response to pain In the early stages of shock the patient 
may be flaccid, but later localised rigidity may set in As a 
localising phenomenon Jacksonian fits may occur With haemorrhage 
in various areas or spreading, various palsies mav occur, hemiplegia, 
paraplegia, or the paralysis of a single limb, so that marked 
differences m the tendon reflexes may be noted 

PupiU As the sympathetic fibres to the pupils pass up the 
carotid canal in the carotid sheath they are very liable to damago 
when the bone in this area is injured The fibres may either be 
paralysed or stimulated so varying pupillary reactions may be seen 
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If the neive is intact mcicasmg pressure on the third nerve nucleus 
will cause the pupillary changes previously described, but it rousiS 
be remembered that this area of tho brain may be so damaged that 1 
it is out of action In the stage of paralysis the larger pupil is on 
the side of greatest compression • 

J&yegtound s Changes are usually noted only after a period of 
four to si\ hours The retinal veins are pressed on first, and maj 
be seen to be full In twenty-four hours the disc may appear 
choked Papilicedema is of slow development and not seen m the 
early dajs In chrome conditions such as subdural hematoma, it 
is important If there arc any retinal haemorrhages present it is 
reasonable to suppose that there are haemorrhage* elsewhere m the 
brain 

Pulse After recovery Horn shock the rapidity may persist, and 
is of grave significance, if accompanied, by a rise of temperature 
More usually it slows to forty to fifty beats If no rise m B P 
accompanies this it is due to sonic damage to the cardne centre 
If, however, the B P together with tiro C S F piessure rises and the 
pulse slows it is due to cerebral compression With this, in am 
developed form, the pulse is slow, full and increased m tension 
When there is no rise m intracranial pressure the pulse is a slow 
normal, or weak pulse 

Blood pressure Tina rises with increasing intracranial pressure 
through the compensating mechanism to be described Later It is, 
of course, important to know if the patient has had a high BP 
before the accident, and when this information is not available, it 
is only change m pressure which can be relied on in elderly patients 

Respiration Tins becomes normal after recovery from shock, 
or, if there is gross damage to the respiratory centre itself it may ' 
never recover Accompanying coma it may be normal or it may be 
irregular, but with rising intracranial pressure it becomes slower 
and deeper, till it is afc last sterterous Still later it becomes irregular 
or of the Cheyne Stokes type, while just before death it may be 
shallow 

Temperature With recovery from shock it is normal, and then 
may rise a little from the absorption of blood products Rapid rise 
of temperature is unusual and associated with injuries to the corpus 
callosum, pons and thalamus and is of grave significance A tempera 
ture of 100° to 107 0 is often a terminal phenomenon The greater 
the cerebral damage the greater the temperature, and a steadily 
increasing temperature is a bad omen It must be remembered that 
the temperature may be due to the om-et of infection m the meninges, v ' 
or to associated infections elsew here If a h P has not been alreadv 
done it may become essential for the differential diagnosia of the 
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condition 0\cr dchjilrntion niiij produce a Into Uc'ition of 
f tempenture, mil still Inter second ny infection niiij cause it 
to rwc 

Memnytunns Signsof head retraction, neck rigidity, and Kermg’s 
sign may appear early* in the ci^c and raise suspicions of meningitis 
In such circumstances a lumbar puncture is necessary In the very 
mild eases it is due to the irritation of the blood in the C S F , with 
the onset of infection the symptoms arc very much more marked 


Pathology of Cerebral Compression 

Cerebral damage is due to 

1 Direct injury, from the blow, depressed bone, or a foreign 
body in the skull 

2 H unorrhage, primary, secondary or delay ed 

3 (Edema (Producing irritative rather than paralytic features ) 

An itteinpt to assay the amount of direct injury may be made 

from i consideration of the &ev enty and ty pc of injury, the presence 
of a foreign body , the amount of visible injury, and the X-ray 

(Edcilia can only be assumed as it has been shown to be present 
m cases dying after injury 

Haemorrhage can be milysed 

1 Eytiuduiul Middle meningeal hemorrhage Diploic 
veins, and venous sinuses 

2 Subdlral Due to filling of the space between the arachnoid 
and dura Haemorrhage from venous sinuses or cerebral veins 

i Subirvchnoid This is the most common form of severe 
bleeding and may arise from any' of the sites of bleeding It is 
widely distributed m the C S 1? 

4 Cerebral (a) Subpial Small contusions on the surface of 
tlie brain 


( 


(6) Intracerebral Resembling non traumatic intracerebral 
haemorrhage, and often associated with vascular disease 
(c) Intrav entricular From the choroid plexus, or intracerebral 
damage Inv ariably fatal 

Hemorrhage from the diploic veins and the venous sinuses lias 
usually insufficient pressure to strip up the dura, and unless the dura 
lias been stripped by' the injury does not form large collections 
Only the arterial pressure working on the Bramah press principle 
can continue to strip up the dura progiessivcly (see p 219) 

Subural haemorrhage is comparativ ely common and, being v enous ' 


m origin, is usually slight It may be bilateral m the case of injury 
to the longitudinal sinus The blood tends to trickle to the most 
dependent part of the space Chronic subdural h*cmatomata are 
nre They are due to sudden increase m size of a small subdural 
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hajmatoma from an old injury and may light up at any time after 
the injury with symptoms vaguely resembling a tumour ■ 

Subarachnoid haemorrhage may arise from 

(а) Large arteries of the circle of Willis 

(б) Cerebral veins 
(c) Venous sinuses 

Haemorrhage from a large artery produces rapidly increasing 
intracranial pressure and death m a few hours Smaller artenea 
produce more localised hematomas, and may allow the detection 
of localising symptoms, as the onset of compression is slou er, and 

A. 

Middle meningeal hxmonhage B 

. (extradural) SubpUl 



Fxo 151 Diagrammatic representation of the \ anous types of hxemorrhago 
met with m skull injury 

time is given them to appear In some cases it may cease after 
a time 

Hemorrhage from a vein or sinus is slower still, and may be 
diffuse if passing into the C S F space, or localised Haemorrhage 
from a vem may cease with a rise of pressure of the C S F , but this 
ia not so with that from an artery Venous haemorrhage tends to 
stop, and form a localised collection, which may later give nse to 
cysts from organisation of the dot 

Intracerebral haemorrhage maj produce localising signs, is 
accompanied by the features of non-traumatic cerebral haemorrhage, 
and if continued gives rise to a general increase m intracranial 
pressure as before Softening in a contused area may lead to a * 
secondary haemorrhage later, this condition being known to the 
Germans as “ spat apoplexie 
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Physiology of Cerebral Compression 
Tiio occurrence of cerebral haemorrhage demands an adequato 
lood pressure to force the blood out of the vessel In the presence 
f shock this may bo low, and haemorrhage only sets in with the 
ecovery of the patient In middle meningeal haemorrhage this is 
een in another way Hero the blood pressure must bo sufficient to 
tnp the dura mater from the skull As tins is more firmly attached 
iclow than above, the blood tends to be deflected upwards Hero 
ilso the phenomena of hydrostatics play a part, for a small amount 
if blood pumped into a larger space increases the pressure available 
md in a short tune develops sufficient force to overcome any 
resistance (The Bramah Press ) 

The dev elopment of compression may be divided into four stages 
First staqe It lias been shown experimentally that about G per 
:ent of the C S F space may be encroached on without producing 
symptoms Normally the C S F pressure equals the venous, so that 
reins would be equally affected With the first small rise of pressure 

3 S F is displaced and the patient may only complain of dullness, 
nausea and headache 

Second stage With the exhaustion of this space by increasing 
haemorrhage pressure is produced on the veins, which with the 
exception of those supported by the dura (sinuses) collapse, thus 
increasing the space m the skull, but also the venous back pressure 
This decreases the blood supply to the brain cells and so increases 
their CO 2 content At first this change m pH seems to produce an 
added excitability of all brain tissues which is clinically shown as 
cerebral irritation ” Later on the pH imbalance may play a part 
m producing oedema of the cells 

Third stage The reduced blood supply to the vasomotor 
centre m the medulla results m an increase of the C0 2 content of the 
blood around the centre to which it is sensitive, and a reflex rise of 
B P 13 produced to restore the cerebral circulation This increase 
of B P at the same time increases the rate of haemorrhage, which 
was dropping off with the rise m intracranial pressure In a short 
time this interferes with the blood supply to the centre agam and a 
further rise of B P occurs A vicious circle is set up which results 
in a huge rise of pressure to maintain the cerebral circulation, and a 
characteristic full slow pulse This period of automatic raising of 
the B P by the amemic vasomotor centre is known as the period of 
“ medullary compensation ” 

Fourth stage Finally the circulation in the medulla can no 
longer be maintained by a rise of pressure and the vasomotor centre 
fails, with a fall in B P and an increased pulse rate Finally, 
ailure extends to the respiratory centre and death ensues 
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During the first three stages the haemorrhage may cease, and a 
collection of blood may then produce localised pressure on the brain.^ 
On the other hand the slow de\ elopment of pressure may gn e time for 
localising sy mptoms to appear before they axe obscured by more 
serious ones Endeavours to determine the side of the lesion are 
made by a study of the following facts 

The site of the injury, the type of blow , and its direction 
The presence of paralysis on one or other side 
The state of the pupils Dilated on the side of compression 
The presence of fits The important feature bung the site of 
commencement of the fit (J icksoman fits ) 

Ophthalmoscopic examination, which may show papdhedema 
on the side of the compression or v enous engorgement 

Later on features may make their appearance which suggest f 
lesions of certain areas . 

Cerebrum Frontal lobe, mental changes, loss of memory, 
changes in disposition 

Temporal LOBE Auditory aphasia in left sided lesions m right 
handed people, word or object blindness 

Precen’tpal cow oltjtions History of convulsions, of Jack 
soman type Paraly sis and spasticity 

Post centr ai cow OLLTiON Changes in cerebral discrimination 
of touch, pain and temperature sensation, e <j , lo;>s of tactile 
’ocahsation, two-point discrimination, inability to tell rough from 
smooth Astereognosis 

Occipital lobe Visual fit Id defects 

Cerebellum Incoordination, nystagmus, vertigo, hypotonia, 
ataxia, past-pointing failure m finger to nose test, etc 


GROUPING OF INJURIES AND COMMONLY ASSOCIATED BRAIN 
DAMAGE 

1 Massive brain damage Severe fracture showing rapidly 
increasing intracranial pressure Death often m ten hours 

2 Definite brain injury Moderately severe fracture 

(a) If signs of mcreismg intracranial pressure death often in 
twenty-four hours 

(&} No signs of increasing intracranial pressure 

3 Depressed fractures of the skull Simple and compound 
Brain damage variable oft< n *mall 

i Fissure fractures of the skull Usuailv with little evidence of 
brain damage 

5 Middle meningeal hemorrhage 

These conditions are not separate entities, and overlap and pass 
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Duiing till/ ftn»t three btages the hcemorrhage may ce«u*>, and a 
collection of blood may tiicn produce localised pressure on the brain ^ 
On the other hand the slow development of pressure may gi\ e time for 
localising symptoms to ippear before they are obscured by more 
serious ones Endeavours to determine the side of the lesion are 
made by a study of the following facts 

The site of the injury , the type of blow, and its direction 
Tho presence of paralysis on one or other side 
The stato of the pupils Dilated on the side of compression 
The presence of fits The important feature being the site of 
commencement of the fat (Jacksonian fits ) 

Ophthalmoscopic examination, which may show papilkederaa 
on the side of the compression, or venous engorgement 

Later on features miy make their appearance which suggest r 
lesions of certain areas , 

Cerebri w Frontal lobe, mental changes, loss of memory, 
changes m disposition 

Tfui or vl lobe Auditory aphasia m left sided lesions m right 
handed people word or object blindness 

Precentral CONVOLUTIONS History of convulsions, of Jack- 
sonian type Parvljsis and spasticity 

PosT-crNTRAi con'v oLUTiox Changes in cerebral discrimination 
of touch, pam and temprraturc sensition, eg, lo^s of tactile 
localisation, two-point discrimination, inability to tell rough from 
smooth Astereognosis 

OcciriTAi idol \ isual field defects 

Cerebellum Incoordination, nystagmus, vertigo, hypotonn, 
a taxi i, p ist pointing failure m fmgi r to nose test, etc 


GROUPING OF INJURIES AND COMMONLY ASSOCIATED BRAIh 
DAMAGE 

1 Massive brain damage Severe fncture showing rapid!} 
increasing mtncrmnl pressure Deith often m ten hours 

2 Definite brain injury Modentelv severe fracture 

[а) If signs of increasing intracranial pressure death often 
twenty four hours 

(б) No signs of nurevsmg mtracrunal pressure 

3 Depressed fractures of the skull Simple and compound 
Brain damage vxmfaie often Mini! 

4 Fissure fractures of the skull r-u ilh with little evidence of^ 
brun damage 

5 Middle meningeal haemorrhage 

These conditions are not separate entities, an ^ and pa® 3 
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.into one mother til nn»l»lt m ns hut they htvc is i bwi tor 
discussion, pirticulxrh of treitmcnt 

1 Massive brain damage 1 he injury being m.\ ere thin, is umi dl\ 
% coni}>ound wound xnd other external evidence of brim damage, 
such is h unorilnge from the e irs or the dripping of C *5 T from tlic 
no*e The piticnt is profoundly unconscious, the re»pintions 
stertorous, xml later imgul \r, the pupils elil ited uul not re icting to 
light Die pul^ is % lrnble, either r ipid and nnpcree|)tiblL, or slow 
and irreguhr All n. Ilexes are usually lbohshcd De ith occurs 
early, often uitlun ten hours 

Treitmjnt \try little in the \uj of treitmcnt is possible 
The dressing of the wounds, md stopping of lixmorrhige be tho 
insertion of i few mattress sutures into the scalp is often all that 
• can be done Once the p it lent has reco\ ered a little the compound 
wounds mi} bo dealt with undei local anesthesia, but tins is often 
in lain Complete rest i» all that c in be assured in tho liopo that tho 
anticipated damago is less thm at lust thought, xml the patient 
ma\ be classified into x more hopeful group 

2 Definite brain injury Group (6) No signs of inci eased mtia- 
cramal pressure Injury to the brain is deduced from the ph}sical 
findings, xnd the p iticnt’s mental condition, with possibly loexhsing 
signs Wlien first seen the patient may be semi-conscious xnd tho 
C X S and general examination }icld xariablo findings Tiie C S F 
is not increased in pressure though there may be some blood in it 
Within twenty four hours these patients usually develop the features 
of cerebral irritation, and it is therefore wise to anticipate events b) 
commencing dehydration treatment from the stare A number of 
these cases will recover rapidly, while in others the state of cerebral 
irritation will drag on for days and weeks The treatment under 
these circumstances lias been described If the patient develops 
signs of increase m inti acranial pressure ho passes into group (a) 

Group (a) Cases with signs of inci easing intrxciamxl pressure 
These cases are the ones which try the patience of tho suigeon, for 
the treatment is difficult and often debatable, and the moment to 
interfere is a hard one to choose The pathology m these cases is 
usually that of subdural liamiorrhage, with lacerations of tho 
temporal and possibly frontal or occipital lobes These cases may bo 
seen w ith the dev eloped syndrome, or w .itched dev eloping it If tho 
latter is the case the rate of dev clopment of compression is a x aluabie 
prognostic point If the pics&uro rises ripidly tho outlook is bad 
, an< l interference usually useless More slow ly dev eloping pressure 
oilers the hope of it ceasing In a cert un group of cases tho prcssuio 
will rise high and remain so, presumably due to the formation of a 
xrge launatoma which has upset the compensating mechanism as 
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lubcutaneous haunntomn can collect, and clotting at the edge give 
1 sensation on palpation strongly suggestive of a depressed fracture 
subaponeurotic or subperiosteal hamiatomas may however arise 
mder a skin laceration If there is doubt, and an X*rny is avail- 
able, this will clear it away, or a thick boro necdlo may bo inserted 
ind the luematoma aspirated Palpation after this mil clear the 
loubt up If tho suclkng is duo to fluid which communicates with 
die brain it will ha\o an impulse on coughing, or can possibly bo 
slowly emptied by pressure All open wounds over tho skull must 
be treated as wounds elsewhere, by dchndement and excision, but 
they must also bo adequately explored for fissure fractures or 
depressed fragments A probo or finger nail passed over the bone 
will readily detect an irregularity 

As tho force of tho blow often expends itself on tho damage to 
the bone, and there is not tho accompanying deformation of the skull, 
brain damage is often qmto negligible, in spite of moderately exten- 
sive skin lacerations Tho patient is thus frequently conscious, or 
at tho most has only a short period of amnesia Where the area 
of brain damage corresponds to a known functional area, localising 
signs such as fits, aphasia or blindness may occur 

Treatment Closed depressed fractures unassociated with signs 
of brain damage are as a rule best left alone Indications for inter- 
ference would thus be signs of brain damage, suspicion of cerebral 
compression, cosmetic considerations, particularly m injuries m the 
frontal region, and cases in which it is obvious that tho fragments 
have been driven in below the level of the dura In these cases 
exploration of the w ound is undertaken and the fragments elevated 
and left in position Even if totally detached they will act as grafts 
and restore the continuity of the skull If it is impossible to unlock 
the fragments trephining en bloc may bo necessary Once the frag- 
ments have been -sorted out and pushed into position the whole 
amount of bone removed is replaced Where the dura can be sutured 
together, it is lightly stitched after irrigation of the wound, the 
sucking out of loose brain tissue, and the removal of depressed 
fragments of bone 

Compound depressed fractures must bo operated upon and the 
procedure is the same The repair of tho defect in view of the risk 
of infection must however be left, and no loose fragments of bone are 
replaced as grafts The dura must not bo widely excised if it has 
been tom, owing to tho risk of disturbing adhesions already present 
If the dura cannot be closed and a space is left which will fill with 
blood and C S F , it is best to pack it lightly with ribbon gauze, to 
avoid tho risk of hernia cerebri, or C S F fistula, which may follow 
if infection occurs The packing is removed in a few days after time 
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well as causing mechanical embarrassment It is tins group 
patients which are likely to benefit from operation To operate 
cases with a rising C S F pressure other than when a menmg< 
haemorrhage is suspected is to court death on the table, but if the 
is doubt as to whether the haemorrhage is middle meningeal 
subdural, and the general condition is fair, exploratory operati 
on. the meningeal artery may be combined with a subtempo; 
decompression 

Operation Local anaesthetic is used The incision m 
from above the ear slopmg slightly downwards and forwards 
the zygoma £ inch m front of the ear and inches long Force 
are placed on the galea to control the haemorrhage The tempo: 
muscle and its aponeurosis are divided in the line of it9 fibn 
and separated from the skull by a periosteal elevator, and the sk 
entered with a trephine or a drill and perforating burr T 
bone is then nibbled away around this opening according to wh 
is found If the haemorrhage is extradural the clot is evacuate 
and the middle meningeal tied off above and below the site 
rupture Difficulty may bo found when the haemorrhage aris 
from the region of the foramen spmosum, when the bone is nibbl 
away in this direction and the foramen plugged with raatcbstic 
If the artery Ues on the dura it is easily underrun, but wh. 
lying m a groove of bone it may be more difficult to plug with wi 
or wood Further exploration depends on the findings, if t! 
middle meningeal had not been bleeding and the dura was bl 
and tense, then incision and evacuation of the clots around t! 
temporal lobe is the course to adopt This necessarily deman 
some enlargement of the opening m the skull which later amoun 
to a decompression If cortical vessels are bleeding they are chppe 
if of any size Smaller vessels may be controlled by diatherm 
or where this is not available by small muscle grafts placed ov 
the bleeding point These may be conveniently obtained from t] 
temporal muscle All haemorrhage must be stopped before suturn 
the wound If the dura is not closed, the temporal muscle 
accurately sutured to control the bulging brain 

Depressed fractures of the skull Simple or compound TJ 
injury is generally due to objects of great velocity and small mas 
e g , bullets, falls on to a spike, or a blow with a hammer Ti 
injury is usually readily detected and confirmed with X-rays It 
to be noted that abrasions are generally a good sign as they mdiea: 
a glancing blow, while a laceration with crushed edges indicates thi 
the blow has been direct An external wound and haemorrhage 
more commonly associated with a depressed fracture than an mta> 
scalp, and this is important, as it is only m the intact scalp that 



FRACTURES OF TIIE SKULL 


225 


involved The method of use has nheady been discussed m the 
treatment of wounds (p 70) It has been shown however that in 
brim tissue an undesirable gliosis is excited and tins increased 
scarring might produce traumatic epilepsy it a later date Sulphanil- 
anude should dso not be used in wounds m which nerves ho exposed 
in the wound, for i similar reason Sjsteimc administration of the 
drug must rep] ice Jocil use under these conditions 

Injuries due to bullet wounds are in much the same category 
Here the dura is torn, and exploration of a mild type is advisable 



1?ig IIS Trephining en bloc to rfcmovo a largo number of depressed 
fragments combined with exploration 


The bullet should never be hunted for, but removed if readily 
obtained, the path of the bullet is sucked clean with a sucker or a 
catheter, and the dura approximated with a small dram into the 
track (Fig 142) 

3 Gutter fractures In these there is a linear fracture, in which 
one side is depressed below the other and caught there They may 
be released by slow nibbling along the line of the fracture, to remove 
sufficient bone to allow of the lower edge flipping up, or by trephining 
c over Uio base of the flap and inserting a lever and levering up It 
must be ascertained that the lower edge of the flap is intact or it 
will merely rock and perhaps do more damage 
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has been given for adhesions to close off the subarachnoid space 
Should only a very small space be left it will probablj be sufficient^ 
to close the scalp o\ er it 

Damage below a fracture of this kind must be treated on its 
merits If the dura is already torn there can be little increased risk 
of infection b} exploration If the dura is not torn the advantage 
of exploration must be weighed against the possibility of spread 
of infection later These considerations naturally apply onlj to 
compound wounds In the absence of strong cudence for inter 
ference, such as localised fits, increasing intracranial pressure, a 
tense blue and bulging dura, w itli little pulsation, it is best to leave 
the dura intact 

The wound can be treated in man} wa}s In some cases it 
maj provide all the access desned when the edges are excised,^ 
and onl} require suture In others it maj be found convenient s 



Fia lo3 One method of closing Fic 134 Method of closing a gap 

the skin of the scalp after loss m the scalp tissues by using a 

of tissue U shaped incision Either this 

or an S shaped incision is 
usually most satisfactorj 

to close the wound after excision and then make a set approach 
to the fracture through a horseshoe incision Tlus would be ( 
an ideal proceeding where the lacerations of the scalp did not 
connect with the fracture In other cases S-shaped flaps have to 
be used so as to be certain of being able to close the wound 
(Fig 154), or, as it is important to Im e the skin closed ov er the bon} 
defect, lateral incisions maj be made in the scalp and this drawn 
together, leaving health} bone exposed Drainage is necessary in 
all cases where haemostasis is poor and is best done with a small 
rubber dram m a stab wound Ihe scalp wound is best sewn up 
firm]} with mattress sutures with more accurate approximation 
between the deep sutures b} a second la}er of simple sutures (see 
Fig 42) The deep mattress sutures have the advantage of bemg 
haemostatic as well as tension sutures, and by their use subcutaneous 
ligatures can be avoided, alua}s a desirable ami m all skin wounds 
Chemotherapy There can be no objection to the use of sulph- 
aniiamide m wounds of the head m wlucli brain matter is not 
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X ray hlms Confusion of an old w lth i icccnt injury must be avoided 
Middle meningeal haemorrhage llus is mentioned to complete 
the discussion Occurring alone it may offer a clear picture, but it 
is frequently associated with other lesions which obscure it (Fig 151) 
Patholog\ The artery entering the skull at the foramen 
spmosum divides after a short courso into anterior and posterior 
branches, the anterior brancli passing upwards m the line of the 
pre rolandic gyn It can bo mapped by taking points 1,1$ and 2 



Flo lo7 A fissure fractuio of tho parietal running into tho pantto occipital 
buture 


inches from the upper border of the zygoma, and the external 
angular process of the frontal bone The posterior ramus runs 
horizontally back parallel with Reid’s base bne, at the level of the 
upper border of the orbit For trephining ov er this v essel the spot 
selected is 2 inches above and behind the external auditory meatus 
For the anterior branch the spot is the uppermost one of those 
already mentioned Rupture of the vessel can occur without 
fracture, but fracture in the region, commonly of the squamous 
temporal, should raise suspicions Very rarely the hemorrhage maj 
be subaponeurotic as well as subdural, if the communicating crack 
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A similar method may be used in pond fractures in children, or 
through a small drill hole a hook can be inserted and the soft bone * 
everted ’ 

Cases mil naturally be seen v, Inch are a combination of the lesions 
just described, and combined methods of treatment may be used to 
advantage 

Linear or fissure fractures of the skull In many of these cases 
there is no clinical *ign of fracture, but the story makes one suspicious 
and X-ray may reveal it Often there is little damage to the brain, 
but the faet that any degree of damage can coexist with any extent 


Trtfhme hole Ooprcssfl ttagmecli 



Fig )5fi The elevation of depressed fragments by inserting a Ie\ei 
through a trephine hole on the edge of the fracture 

of fracture must be remembered The most senous features of these 
cases are due to brain injury In compound wounds it must be 
remembered that while the skull is sprung open hair and other 
tissues may be caught in the opening, and be found deep to the 
subjacent bone on removing it If there is eudence of soiling of 
the edges of the bone, this must be removed ah along the fracture 
for a few millimetres on either side with nibbling forceps 

Treatment In simple fractures this is mainly of the brain 
complications In compound fractures it has already been outlined 
Adequate rest and observation are necessary, and are determined as » 
outlined for concussion Note must be made that the healing of the 
bone is bj fibrous tissue, and cracl * have been seen ten 3 ears later in 
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Intra-Cramal Haemorrhages in relation to Time 


Site 

Latent 1 ftlo<l 

ratal) tic Signs 

EXTRADURAL 

Variable, usually a few hours 

Face and arm 
Speech in L sided 
lesions 

Twitching going on 
to a spastic 
paralysis 

Subdural 

T i , f Acute, 4 to 7 days 
Localised ^ chronic, G to 12 weeks 

Legs involved 


Signs variable, like 
a cerebral 
tumour 

Sub arachnoid 

Diffuse Immediate 


Cerebral 

Immediate 

Spastic monoplegia 
Hemiplegia 


Late, 7 to 10 dajs 
(Spat apoplexie ) 

Spastic monoplegia 


Indications for operation (in outline) 

Immediate I Any type of compound fracture 

2 Depressed fractures, with intracranial complica- 
tions 

Delaxed 

Inside Iwenti f Jour hours 'Jliddle meningeal haemorrhage 
Wtthtn a tieek Persistent raised intracranial 

pressure 

Early subdural haemorrhage 
Delayed traumatic apoplexy 
After six meels Late subdural hcematoma 

Cerebral cedema syndrome 
Traumatic epilepsy 

Complications of Fractures of the Skull 

At this point it seems correct to enumerate these to complete the 
survey, without gouig into them in detail as they are outside the 
scope of this volume 

Infection The possible paths, i e , infection from outside, or 
fractures into the sinuses or nose have already been mentioned 
Where there is an open wound in the scalp treatment limits itself 
to the establishment of free drainage by removal of sutures, and 
> expectant treatment w ith compresses The seriousness of infection 
depends largely on whether the dura is intact or not and also on 
whether time lias been given for adhesions to occur When the 
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is targe enough Tile physiology of the condition lias already been 
described \ 

SratPTOMS The initial injury is m the ovenv helming majority 1 
of cases of sufficient violence to cause a loss of consciousness, which 
may be of varying duration, and commonly very short Various 
other features of fractures of the base or vault may be associated, 
such as orbital or aural hemorrhage, or facial paralysis, but the chief 
difficulty arises m estimating other lesions present Following the 
loss of consciousness the patient recovers to some extent In some 
cases this may be complete, as where a footballer finishes a game, to 
lapse mto coma later In the more difficult cases the condition is 
associated with damage elsewhere, and there is perhaps only a 
lessening of the depth of unconsciousness The essential feitures 
of the condition are the period of recov ery, “ the lucid interval,” 
which is, as described, variable, and localising signs due to the * 
hemorrhage being concentrated over the lower portion of the 
pre rolandic gyrus, so that increasing pressure produces 

1 Irritation of the facial area, spreadmg to the arm, so that 
twitclnngs of face and arm occur 

2 Later paralysis of the face md arm on the opposite side, of a 
spastic type, and on the left side possibly motor aphasia 

The pupils may be an aid m show mg the characteristic dilation 
on the side of the lesion As a point of differential diagnostic 
significance it may be mentioned that the hemorrhage from a tom 
cerebral vein, occurring near the fal\, affects the leg area first, 
and its effects do not progress so rapidly as the haemorrhage is 
venous 

Treatment This has already been discussed to some extent 
under the treatment of cerebral compression After making the > 
incision, the trephine is placed at the elective site, or if there is a 
fracture, at the point where artery and fracture cross, and the circle 
of bone removed If a Inematoma is present it is evacuated with a 
sucker and rubber tube, and the bleeding point sought for If m 
the anterior branch it may be possible to under run it with a fi« e 
needle and thread, but if the vessel is lying in a groove it must be 
plugged with wax or a match stick, after the bone has been carefully 
nibbled away to expose it, which may be difficult, as nibbling at the 
bone orer the vessel often tears the vessel as well If the anterior 
branch is found intact and the blood is coming from the posterior 
branch, two courses are open, either one enlarges the opening down 
till the whole vessel may be controlled at the foramen spmosum, or 
one starts afresh to trephine over the posterior branch The t 
former course is usually preferable if only as a time sax mg 
procedure 
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•rious cases, m which the mental symptoms lmvo been marked, a 
^compression has been tried 

Ruinoriuicea and otohkikla The escape of CS F from the 
oso or ear does not as a rule persist v cry long Either infection sets 
i or it clears up spontaneously Delayed cerebrospinal rhmorrhcca 
emands operate o repair 

Cepjivlhxdrocele Duo to a communication persisting 
etween the subcutaneous tissues of the scalp and the C S F through 
break in the skull It is more common in children, and after 
ersistmg for some tunc usually subsides Very rarely is operative 
iterference to close the defect necessary 

Deafness, complete or partial, tinnitus and vertigo are sequela* 
f injury to the middle and inner ear They may bo persistent and 
roublesome, requiring long periods of rest before they subside 
S T luIe \ ertigo may improve, deafness if due to internal ear damage 
nly improves to a certain extent Htemorrhagc into the middle 
ar causes serious deafness, which may improve considerably as 
he hamiatoma absorbs 

Traumatic epilepsy This is a not uncommon sequela of serious 
•r compound fractures Tile fits arc of the true Jacksonian type, and 
heir commencing point is an important localising sign for explora- 
lon The cctiology is variable, being due to pressure or irritation 
rom depressed bone, old blood clot, or the presence of a foreign body 
VII genuine cases should be submitted to exploratory operation 
To avoid this unpleasant complication all cases of severe fracture 
should be given luminal gr 1 B D for a period of six to twelve 
nonths after the injury Later tlm is reduced to ^ gr and then 
iiscontinued 

Changes in intelligence and m the character of the person 
may be found, and in some cases are very distressing In the 
absence of localising phenomena the outlook is not good Long 
periods of rest under suitable conditions and observation are 
necessary 

Head paiv This is tho most common symptom, and can be 
grouped into three types 

1 Generalised headache Common m the early days, and 
subsides v\ ith rest Recurrence suggests persistent oedema syndrome, 
subdural lnematoma, or the like It is characterised by its onset 
on awaking, its increase on coughing or straining, or m any posture 
m which tile head is lowered 

2 Localised headache This may be associated with other 
localising sjmptoim and signs It maj be very severe and* sharply 
localised It is frequently due to adhesions between skull and dura 
or subdural pathology and requires operative interference for cure 
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infection is localised tho outlook is fair, but once meningitis i& 
established the prognosis is very depressing 
Later infective complications may be 

Extradural abscess 
Cerebral abscess 
Encephalitis 

Thrombophlebitis of a cerebral smus 
Osteomyelitis of the skull Localised and spreading 

Hernia CEREBRr This complication is mentioned here as li 
has an important relation to infection There is always infectioi 
associated with this condition, and when it subsides the hcrai: 
cerebri subsides Treatment is therefore expectant, and consist 
of avoiding further damage to the hernia The surface is synngei 
off daily with normal sakne, the skin around the hernia cleaned an< 
the whole covered with clean guttapercha, which does not adker 
to the granulating surface > When the shrinkage of the gratiulom; 
has reached the level of the scalp it will epithehaiise over, or may h 
grafted 

The hernia is hydrostatic in origin and contams a prolongatioi 
of a ventricle Its size can be reduced by lumbar puncture and thi 
should be carried out regularly 

Lite subdural jlematoma Haemorrhage occurs typical! 
from a cerebral v ein Symptoms of increased intracranial pressur 
are, however, late in appearing, for reasons unknown At operatic: 
the clot is found to have organised into a thm membranous sa 
containing degenerate blood Symptoms are those of increased 
intracranial pressure m general with headache as the common onset 
symptom Mental changes, motor interference, and Jater drowsiness *' 
deepening into coma may be seen Treatment is removal of the ' 
cyst w'here possible, but with large cysts aspiration is often all that 
can be done, owing to the serious disturbance produced by any 
other proceedings 

Cerebral (edema sandrome This name has been applied to 
a group of cases in which after three months or so there is an onset 
of symptoms suggesting mild cerebral irritation The patient com- 
plains of headache, giddiness, loss of concentration and sleeplessness, 
though he may be drowsy m the day, and occasionally mental 
changes The condition is usually associated with a too early return 
to work It has to be distinguished from malingering, and this can 
usually be done by noting the inexhaustibility of the malingerer 
whde the genuine case tires of questiomng easily Treatment consists i ^ 
of adequate rest combined with some dehydration, magnesium 
sulphate enemas, and in a few cases lumbar puncture In a few 



CHAPTER XVI 

FACIAL FRACTURES 

(Mr J N * Barron) 

1 UPPER FACIAL FRACTURES 

General Remarks The complicated bony architecture of the 
face is divided into three regions in descriptions of the common frac- 
tures of these bones These regions are nasal, malar, and maxillary 
Xasal fractures 11113 imolvc the nasal bones, the frontal processes 
of the maxilla*, the ethmoid and lachrymal bones, and the septal, 
alar and lateral cartilages Malar fractures may involve the body 
of the malar, the zjgomatic arch, the frontal process, the infra- 
orbital ridge and the adjacent maxilla, includmg the anterior antral 
wall with the infra orbital canal, and the orbital floor 1 Fractures of 
the maxilla maj affect the bod} and the various processes The 
maxillary antrum affords a space into which fragments can be 
displaced 

These injuries are the result of direct violence, and there is little 
tendenev to spontaneous alteration in position of the fragments 
after the impact owing to the paucity of muscle attachments and 
the splinting effect of the soft tissues of the face 

Apart from cosmetic reasons, the indications for treatment are 
visual and sensory disturbances, nasal blockage and its sequelce and 
dental mal occlusion Inadequate reduction and splintage may 
have serious results because secondary correction is difficult and late 
i restoration of the displaced bony fragments often impossible 

Cranial fractures are commonly associated with these injuries, 
and routine examination should mclude the cervical spine and 
peripheral nervous s}stem for intracranial and cord damage A 
fracture dislocation of the cervical spine should not be missed 

Nasal Fractures 

Fractures of the nose are duo to direct violence applied to the 
nasal bridge The violence raaj be either from in front or from the 
side, and the resulting deformities are somewhat different Most 
nasal fractures are comminuted and this has an important bearing 
upon the deformity and the treatment 

Blows from in front have a crushing effect, the fragments 
v c °fl^psing upon each other produce a “ saddle ” or depressed bridge 
The whole bony structure raaj be involved, and m severe cases the 
ethmoid, with its cell complex, is spla}ed out into the orbital 
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3 Localised to the scar Due to adhesions between the bone 
and scalp, or the scalp and dura Often clears up in time 

4 Shooting pains due to involvement of nerves in scars 
Requires operative section of the nerves 

Errors in diagnosis of fracture of the skull and interpretation of symptom 
Old fractures of the skull remain visible m the X ray up to ten y ears 
Patients may have a bradycardia and hypertension before admission 
A dilated pupil, or irregular pupil, may bo on old lesion 
A stroke may have preceded the fall which fractured the skull 
A fracture lino should not be confused with a suture line, which is muc. 
more irregular and less sharp in outline, in either the X ray or at tlie bottom 
of an open wound 

The sulcus of the middle meningeal artery should not be confused with 
fracture lute 

A bleeding ear may bo due to separation of the cartilage from the bont 
and may occur after blows on the jaw 

A bleeding nose is commonly due to local injury 

A black ey e should not be confused with haemorrhage into the orbit froi 
fracture {See page 205 ) 

Confusion should not occur between the syndromo arising from menmge; 
infection and that from compression 

The difficulty of diagnosing a hsematoma of the scalp from a depress 
fracture is easily settled but much more commonly a fracture is suspect* 
when it is not present than overlooked when it is present 
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for a few di}s before reduction is attempted Reduction is most 
readily obt lined b} the use of Walslmm's nasal forceps and Asdics’ 
septal forceps Each nosil bone in turn is disimpacted with Wal- 
sliam’s forceps and elo\ ited into its normal position The septum 
is then held lightly between the blades of the Asdics forceps and 
straightened out, the lias il bridge being clevnted at the same time 
Anj tendency to splaj ing at the base of the noso is controlled by the 
fingers during this last mancemre Long rubber covered forceps of 
an> pattern can bo used for this manipulation if the proper instru- 
ments are not -nailable 

Where a crush fracture nnohes the ethmoids and there is 



Fio 101 Plaster na&al splint to 
maintain mid lino position of 
nose after reduction of frac 
turc de\ mtion 


Fio 102 Silk mattress 
stitch passed through the 
no*o and tied oicr dental 
roll. This splint will 
maintain elo\ation of de 
pressed fractures 


lateral displacement into the orbits it is of the utmost importance 
that this should be corrected With the septum held steady in the 
elevated position, the thumb and forefinger of the left hand are 
passed back into the orbits along the inner canthi The lateral 
masses of the ethmoids are then squeezed back into their normal 
relationship in the nasal cavity 

Splintage In liimor fractures no splintage is npeessar} Care 
should be takeu that no further trauma is inflicted during the first 
fortnight Where there lias been much comminution and displace- 
ment a plaster of-pam pattern should be cut and moulded ov er the 
nose It should hav o an extension on to the forehead and is fixed 
by tapes round the head In some cases vv hero there is a tendenc} 
for the whole bridge to collapse a stout silk mattress suture is passed 
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cavities The cribriform plate and dura may give way, m which 
case direct contact is established with the subdural space in the 
region of the gyrus rectus of the frontal lobe The septum is buckled 



Fia 158 Saddle nose result 
ing from head on blow 



Fig 159 Xa'sal deviation due 
to lateral injury 


or fractuied and the mucous membrane stripped from the underlying 
bone and cartilage so that a submucous hsematoma may result 
Lateral injuries involve the nasal bones and septum The mam 
deformity is a deviation of the bridge, the fragmented bone on the 



Fig 1G0 Rubber covered Walshams forecp3 used in d^siropactirig 
natal bones 

Asehes septal forceps for manipulation of septal deformities 

side of impact being driven under the opposite side, which may 
itself bo fractured The septum is deviated from the side of injury 
and is buckled or broken 

Treatment Nasal fractures should be reduced at the earliest 
opportunity If there is early r gross oedema it is justifiable to 
encourage its absorption b\ the use of alternate hot and cold packs 
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for i few du \ m before it dm turn is attempted He duct ion is most 
re ulilj obt until b} the use of Wnlsluim » inul forceps and Asdics' 
sept nl forceps Lath nis.il bone m turn is dismiputtcd with Wnl 
sham h forceps and ties ilul into its normal jKwition r lhc septum 
h then held lighth IkIwccii the lilidts of the W lies forceps and 
straightened out, the iumiI bridge bung elevated it the sajno time 
An} tendency to splat mg at the li iso of the nose is controlled b\ the 
lingers during this list muiauvic Long rubber covered forceps of 
all} pattern cm 1w used for this nianipulatiou if the proper instm 
incuts are not iv id ible 

Where a crush fricture involves the ethmoid* and there is 



iio 1(11 1’luMi r niwil hplmt to 
mamtaiu iniil lino pout mu of 
no-»o after reduction of fnu 
turo ties mt ion 


1 * 1(1 h>- Silk iimttrt*M 

Mitch Jmkm d through thu 
iiohu ami tied o\»r lUntul 
roll-* llui xplmt "ill 
nmiiitaiu elocution of do 
priMil fracture h 


lateral displacement into tlio orbits it i*> of the utmost importance 
that this should be corrected With the septum held ste id} in the 
elevated position, the thumb and foie huger of the loft hand are 
passed back into the orbits along the inner cantln The lateral 
masses of tlio ethmoids are then squeezed back into their normal 
relationship in the nasal cavity 

Splintage In minor fractuics no splintage is upcessar} Caro 
should bo taken that no further trauma is indicted during the first 
fortnight Where there has been much comminution and displace- 
ment a plaster-of-paris pattern should be cut and moulded over the 
nose It should have an extension, on to the forehead and is fixed 
by tapes round the head In some cases where there is a tendency 
for the whole bridge to collapse a stout silk mattress suture is passed 
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cavities The cribriform plate and dura may gne nay, m which 
case direct contact is established with the subdural space m the 
region of the gyrus rectus of the frontal lobo The septum is buckled 



Fig 1 58 Saddle nose result 
ing from head on blow 


Fio 159 Nasal deviation duo 
to lateral injury 


T, d th ° mucous membra ne stripped from the underljing 
bone and cartilage so that a submucous h-cmatonia may result 

defn™? 3 m, T S ° ho the Ila5al boncs septum The mam 
deformity ,s a deviation of the bridge, the fragmented bone on the 



Fig ICO 


Rubbor covered Walshnm a r 


< oones ‘ 

Asches septal forceps for ™ lpu „t, on of septol dof „„, lies 

side of impact being driven under the opposite side, which may 

^"brorn^^ 13 “ 

Treatment Nasal fractures should be reduced at the earliest , 
opportunity If there is earl} gross mdema ,t , s t0 

encourage its absorption bv the use of alternate hot and lid packs 




tio 1 €j 1 Separation of tho zjgomii witliout much displacement Note tho 
separation at tha centra of tho lower orbital margin ami at tho 
urticulation with tho fiontal lho btpiratiou at tho inch is not well 
shown in this Him 


| To /ii« p 230 
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through the nose and tied over small wool rolls This provides a 
satisfactory and stable splint 

Anesthesia The nose should be packed half an hour before 
operation with 10 per cent cocaine and 01 per cent adrenaline All 
hut ramor reductions should he done under endotracheal anaesthesia 
to obviate the risk of inhaled blood Bleeding can be profuse in 
these operations 

Malar Fractures 

{A) Malar Zygomatic Fractures The simplest fracture in this 
region is a depressed fracture of the zygomatic arch Minor dis 
placements may cause little or no functional or cosmetic disability, 



n 


Fig 164 Diagram Bhowmg the bites of fracture of the maxilla and the 
method of levenns out a depre^bed fracture of the z> ^otna A Zj goma 
B Fractures involving the antrum C Line of separation of the 
alveolar margin D Direction of leverage 

but m more e\tensi\e uijuries the fragments impinge upon the 
underlying temporal muscle insertion and cause persistent trismus 
Force applied to the body of the malar may cause separation at 
the malar-ra vwllary, fronto malar and zygomatic suture lines (sec 
Fig 165) The bone is depressed and rotated m\v ards, and flattening 
of the cheek results Examination should be made from above and 
behind the patient so that contours can accurately be compared 
Palpation reveals a step deformitv m the infra orbital ndge and 
separation at the fronto malar suture There may be a palpable 
separation m the zygomatic process but this is usually “ sprung," 
the rotating mu ards about this pomt elhng of the cheek 
and lids and subconjunctix al ecchymosis are associated with this 
fracture, and adema may be so great as to mask the underlying bony 
injury An occipito mental X ray will reveal the displacement 



hia 1G1 Sc purat ion of tho zj fe,oma without much displacement \oto tho 
fecparation at tho contra of tho lower orbital margin and at tho 
articulation with tho frontal iho separation at tho inch is not well 
fellow n in this film 


| To /ace p 230 
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Treatment Milu 7vi><»m>tu fiutmiH m lx -*t tcduttd bv i 
/tcmjKiid n|»|ii m if li A ill mosmit is unde inside* the tcmporil 
' bur line , and ^liss(< turn < mini through to tho tem|Hinl f vseia The 
fism ih n\i ding tin nm-u le hints V strong elevator is 

pas^sl down hitwun tin inutile uid fi>ui ind ih guided to tlu 
din ji Mitfui of the m dir laving ih applied md the fracture 
reduces with i th<b He «li«-pl utim nt dm h not frequently occur 
The lonpnrd m dp wound ih <]<>-< d with i few sutures further 
triunn during the jKtiod of tomolid itioii must Ire avoided 

(11) Malar Maxillary fractures \ h.uii htcril blow on the 
fi<c mix dnvo tlu tndir lx*m into tlu intrum, comminuting tho 
interior « dl itid the tloor of tlu orhit (see 1 ig It)'*) 'Lhc loss of 
orbit d buppotl n Milts m dcpix s*mn of the c*\e and dij)Io]na There 
is unrked ilittenmg of tho ehexh, mtsthcsii over tho distribution 
r * of the mfr lorlnt il nerves uul tho intrum tills with blood There may 
he i relatecl fncturo of the ilvtolir process or the tuberosity of the 
nuxilli Lulv ice unto reduction is nc ex ssary if serious functional 
disorder* are to !>o avoided 

Treatment \n uiuhoii is undo in tho upper hutcil sulcus and 
tho soft tissues it dieted from tho intril vv ill V fracture lino is 
usually ajiji rant and through this tho antrum is appro ichul Mood 
and clot aro gent lx w idled out and an elevator or tho linger intro- 
duced to restore the m nil frigments A wide boic rubber tube is 
placed with its upper end m the antcro literal anglo of the antrum 
and a. length of ribbon g m/e boahed m pinilm flavine or White- 
head's xurnish is euxfully picked in round tho tube until the pupil 
level is slightly over corrected and the malar is lcstorcd to its normal 
position Final adjustments to the malar cm bo douo tluough tho 
^ tube with a narrow elevator 

The tube and picking mo left in for ten to fouiteeii days 
following removal, uitnl washouts uro given duly until tlio 
wound closes btnet attention to oral hygiuio is necessary 


Maxillary Fractures 

These are essentially cuitr il ficial fractuics and aio pioduccd by 
duect violence from m front There no two mam types firstly, 
the horizontal supra alveolar fractures, including Guerin ’a fiacturo, 
and secondly , tho fractures of tho body' of tho maxilla In Guerin’s 
frveture tho upper alveolus uul hard palate aro separated from tho 
superstructure and either imparted backwards into the antra or 
remain oose ( i oating maxilla, ”) Other alveolar fractures consist 
y of separation of portions of the tooth-bearing rulgo , and these may 
or may not be associated with malar maxillary displacements 

c ures o ie o y of the maxilla aie usually bilateral, and 
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the whole maxillary complex is driven down and backj impacting 
between the malar bones on either side The posterior attaehnientsY 
to the pterjgoid processes of the sphenoids are comminuted and N 
impacted and the displaced bony mass is often firmly wedged in 
between the malar bones and the skull base Nasal fractures fre 
quently co exist - 

Any combination of these injuries, together with malar zygomatic 
fractures, may be found , but m making the diagnosis consideration 



SiG 165 Composite diagram of nasal and maxillary fracture lines Any 
combination of these fractures may be found 


of the three primary regions will afford material aid in sorting out 
the puzzle 

Clinical Picture The degree of shock is variable but seldom 
severe The possibility of skull vault and base factures as well as 
cervical spine injuries should be remembered There is very marked 
facial swelling and tense cedema of the ejehds Irregularities in 
nasal and cheek contours are palpable if not visible, and there may 
be epistaxis and cerebro spmal rhmorrhcea The nasal airway is* 
impeded, and blockage may be complete Loss of orbital support 
causes depression of the ej e and diplopia If the fracture lines pass 
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through the mfn, orbital fora mi in thcro will Ixi an csthcsia over the 
arci supplied by the mfn orbital lit no Dental occlusion is 
abnormal, the usual deformity lxmig an “ open bite " as the de- 
pressed upper molirs impinge on their fellows in tho lower jaw 
]irc\enting closure* of the anterior teeth 

Treatment In all fnetures affecting alignment of teeth com- 
petent dent il ud should bo sought 

(A) Disimp lclion of the imxilU is efiected by inserting one 
blido of a \\ ilslmn foreeps into the nose and the other into tho 
mouth and gently rocking the whole mass forward Thw manauiro 




tia 100 Topical upptnrutua 

duo to (L<lt Dili associated 
with >ruixillur> fractun* 


1 io 1 1*7 Illu'drotin} > a con 
\ t nn nt method of nuspi tiding a 
liuixillurj fmitnro to tlm skull 
1 fie. »m h fiNidtotho hiad cap 
li) rubln r hands to produce 
giudiml elocution uro attached 
to hooks soldered to tlio metal 
dental cap splints 


can also be made by grasping the alveolus in bone holding forceps 
Splintage should make use of the most convenient fixed bony point 
which is tho skull Metal cap^phnts aio made to fit the teeth and a 
stainless steel wire passed fioin a hook on each side of tho splint, up 
through the buccal sulcus and soft tissues of the cheek, to emerge 
below the malar prominence Theso wires aio then attached to 
metal projections set into a plaster licadcap If metal cap splints 
are not available, dental arch wires should be wired to tho teeth, 
and the jaws closed by wire or rubber band inter maxillary fixation 
^The cheek wires are fixed to tho lugs on tho lower arch wire m the 
pre molar region, and so fixation to tho skull is obtained The 
associated fractures of the nasal and malar regions should then be 
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reduced and splinted The fixation of the maxilla provides a 
stable platform on winch these secondary reductions can bft 
based 1 

(B) Alveolar Fractures The treatment of these fractures is 
primarily a dental problem In cases where the fragment impacts 
into the antra, surgical reduction may bo necessary , and this is done 
as described under fractures of the body of the maxilla 

Dental treatment x\ ill consist m wiring the jaws together with 
fine st unless steel wire, 0 3o mm , or brass wire, 0 5 mm If labora 
tory methods are available, cast metal cap splints can be made to 
fit the teeth, and the two jaws are drawn into occlusion by fastening 
the splints together with rubber bands When the correct bite is 
obtained, the splints are locked together by a metal key and the 


Fig 1G8 Dental arch Hires trjrctl to tho teeth of either jaw provide 
a benr* of hook* which can be used for inter maxillary rubber band 
fixation or inter maxillary wiring 

rubber bands removed If the fragment is very mobile the jaws t 
should be fixed to a plaster skull cap as described above 



2 FRACTURES OF THE MANDIBLE 

Anatomical Features The mandible consists of a horizontal 
horse shoe soaped body and two vertical rami At the junction of 
the body and the ramus is the angle The ramus has two processes 
the condylar which articulates with the temporal bone, and the 
coronoid, into which is inserted the po« erful temporalis muscle 
The ah eolar process of the body is the tooth bearing region and 
absorbs after extraction of the teeth This fact accounts m the 
diminution m size and strength of the bone when ifc becomes 
edentulous The mandibular canal passes through the substance oh 
the bone, carrying the inferior dental v cssels and nerve 

Fracture Sites in the Mandible For the purposes of description. 
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fractures of lira mamliWo cm bo tliuckal mto tlio follow.ng 


regions 


1 Coml> hr process 

2 R mins 
\ Angles 
1 Hwl\ 

Alveolus 


Fractures of the Cond>Iar Process 
These iixj either trumerso or oblique and ma> ho bilateral 
Thc\ are <Iuo to force trinstmtted through the bone from blows on 



fcu* 109 fciacturo of tho condjlar pioci?»-» ol tho mamtihlo 


the clun, and maj or may not mvolvo a dislocation of tlio tcmpoio 
mandibular joint Diagnosis is made by palpation of tho head of the 
condole which fails £o move as tho jaw opens, and theio is pain and 
tenderness in the pre auricular legion Posteio anterior and J0° 
lateral X rajs will demonstrate the fracture In tho oblique and 
bilateral fractures the “ bite ” is disturbed In tho former tho jaw 
moves over to the injured side and may prop open on the molar 
* teeth In the latter shortening occurs in both rami and results in a 
true “ open bite ” — a serious deformity 

Treatment Where there js no derangement of the bite no special 
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treatment is required except rest and a soft diet for a week or ten 
dajs In cases where there is displacement of the jaw and an open \ 
bite the teeth should be wired or splmted together m normal 
occlusion for a fortnight, and a careful watch kept thereafter to 
ensure that displacement does not recur External methods of 
fixation such as the chin sling or barrel bandage are without \alue 
in treatment except for first aid purposes 

Fractures of the Ramus 

These are caused bj direct blows on the cheek and often result 
in some comminution There is little tendency to displacement 
ow mg to the splinting effect of the masseter and mternal pterygoid 


Fig 1 10 fracture in the icgion of tho angle of the mandible 


muscles Treatment is as for condylar fractures, and splintage is 
necessary only if there is displacement 


Fractures of the Angle 

Caused usually bj direct blows, thej are sometimes secondary 
to violence applied to the chin or the opposite "Side of the mandible 
and are then associated with fractures elsewhere In these fractures 
it is necessary to consider the displacement of both fragments in 
order that alignment of both can be restored The common displace 
ment of the posterior fragment is upw ards and mw ards This is due 
to the pull of the temporalis and mtemal pterygoid muscles, the 
adducted position being due to greater power of the mtemal ptery 
gold as compared tho massotcr 




FACIAL hu<;iuki:> 


2 Id 


Treatment Minor degrees of dispheement ot the posterior 
fragment can l>o ignored If the anterior fragment is immobilised m 
correct occlusion, union will tike plaee and result in satisfactory 
function 

More marked displ iccmeiita of the jxisttnor fragment demand 
reduction and splint ige In these eases both fragments should ho 
iccuratcly reduced md immobilised until union is sound 

The Ulterior frigment, which consists of the body and opposite 
ramus, is reduced into normal occlusion md m imt uned by met il 
cap splints designed to lit the teeth of e ich jaw These splints arc 
wired together or are locked by i metal key Adequate splintage ma\ 
bo obt lined by wiring a dent d arch wire to the teeth m each jaw and 
subsequently wiring the arches together .Strong rubber binds tin 
be used mstcul of wires foi the mtcrmaxill iry fixation 

A sin ill illusion is m ido over the angle on the side of the fracture, 
and blunt dissection timed down to tho bone A metal guard is 
passed round tho posterior border of tho angle to its Ungual aspect, 
and a hole drilled through on to this gu ird A length of 0 la mm 
soft stainless steel wire is passed through the hole ill the bone and 
both ends brought out through tho incision Tho incision is closed 
round the w ires 

A plaster hcadcap is litted carrying a rigid metal bir which 
extends to a point one inch below and slightly behind tho normal 
position of tho angle on tho side of tho fractmo A hole is drilled 
through tho free end of tho bar 

The posterior fragment is reduced by’ depressing it w itli a huger 
inside the mouth , and tho angle wire is threaded through tho hole 
m tho metal bar and twisted so that it is firmly’ anchored Tins will 
hold the fragment in position Caio should ho liken that over- 
reduction. does not occur, as this favouis non union by’ ci eating a 
gap at the fracture site 

Fixation should bo maintained for three to foui weeks, at which 
time union is to he expected A more elaborate method for splinting 
this fracture is by tho use of modified Roger Anderson pins These 
pins arc drilled into the ramus and are connected by a locking device 
to a metal bar which is fixed to the cap splints on tho anterior frag- 
ment Tins method needs specialised technique and equipment 

Fractures of the Body of the Mandible 

k These are usually tho result of direct violence, and may occur at 
any site They may be bilateral or may be associated with condylar 
or angle fractures Displacement will depend upon tho amount of 
violence and upon the fracture site Many of these fractures aie 
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linear and do not tend to displace at all, splintage being provided by 
the adjacent soft tissues t 

Teeth in the Fracture Line Where there aie sufficient teeth on 
both fragments for the purposes of fixation, teeth in the fracture line 
should be remov ed Extraction may be delayed if the added trauma 
will complicate the fracture or result in further loss of bone Teeth 
left in the line of fracture should be carefully watched and removed 
at the first sign of sepsis 

Treatment Reduction and splintage should be carried out as 
an immediate procedure Splintage may be by metal cap splints, 
dentil arch wire or eyelet wiring In all cases dental co operation 



Fig 171 Fracture of the body of the mandiblo with displacement t 

should be sought Only in the undisplaced linear fractures is the 
barrel bandage or, chin slmg permissible 

Alveolar Fractures 

Comminution of the alveolus is associated with fractures of the 
teeth It results in a mass of crushed bone containing tooth roots 
with exposed pulps Infection readily occurs, and the alveolar frag- 
ments and teeth should be removed as soon as possible 

The Edentulous Mandible 

Fractures of the edentulous mandible present many problems 
m treatment Minor degrees of displacements may not warrant * 
fixation, as the deformity can bo overcome by remodelling the 
denture The simplest method of treatment is to wire the patient’s 
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own denture on to the in uultble 1>> meins of three steel w irc3 passed 

Ground the bod} of the bone and twisted over the denturo If a 
denture is not a \ nibble a metal or vulcanite trough should be 
unde and tilled with guttapercha 1 his lined trough is wired on 
in place of the denture The modified Roger Anderson pin fixation 
method m\\ ho used m these cases 

Gunshot Wounds of the Face 

Ihc essential features of this t}j>e of injur} arc soft tissue dis- 
ruption and boil} lovs or comminution Iho he} to the cmcrgciic} 
surger} m these cases is conservatism Xo tissuo should Ixj sacrificed 
unless its hlood suppl} has been cut ofif In the soft tissue lesion 
over} effort should bo made to accomplish compJcto wound toilette 
without doing a formal evusion of tho wound Iri}cd edges and 
crushed or shredded tissue should lx> removed This should he 
followed In uccuruto li}er to Ia}cr suture and the provision of 
dependent drainage In cases of tissue loss, complete opithchahsa- 
tion should be obt lined b} the use of skin grafts or flaps, or b} 
sew mg shin to mucosa round the edges of full thickness cheek, lip or 
nose defects This grcatl} f icihtatcs subsequent plastic repair In 
grossl} comminuted fractures, as man} bone fragments as possible 
should bo saved It is permissible to remove bone onl} if it is 
devoid of periosteal attachments In all fractured mandibles 
compound to the exterior, dependent drainage should bo provided 
The problems of splintage m these cases demand considerable 
mgenuit} , and accurate reduction of the mam boil} fragments should 
bo tho primar} object of treatment 

► REFERENCE 

^ ^Lillies, H O , Kilned, 1? I* and Stone, D lint J Surg , 1927, 14, 


CHAPTER XVII 


FRACTURES AND FRACTURE DISLOCATIONS OF THE 
SPINE 

Surgical anatomy 

Considered mechanically , the vertebral column must be regarded as 
consisting of two parts First a supporting column of alternate la} era 
of comparativ elj rigid material (the vertebral bodies) and more elastic 
layers (the intervertebral discs) thus combining strength and flexibility, 
which supports tho second jiortion the protective part of the column, the 
neural arch This functions as a sheath for the spinal cord and also carries 
the articular processes winch cover the one vreakness of the spinal column 
that of horizontal displacement, by interlocking with each other Attached 
to tho neural arch are the spinous processes which serv o to limit extension 
by their bulk, and to limit flexion b} the tension in tho mterspinous ligaments 
Further strength is added by numerous short ligaments around the neural 
arches and the long anterior and posterior longitudinal ligaments attached to 
the vertebral bodies 

To add further elasticity to the column it possesses four curves 

1 Dorsal curve j Primary Due to alteration in thickness of the 

2 Sacral curve j v ertebral bodies 

3 Cervical curve \ 0 . 

•I Lumbar curve / bccon dary Duo to adaptation to tho upright position 

It is to bo noted that it is the secondary adaptive curves which are most 
susceptible to injury and particular!} at their junction with the primaiy 
curv es 

Cervical spine The first and second vertebrae being of unusual structure, 
have fractures peculiar to themselves Tho rest of the cervical spine is 
characterised by having curved cervical bodies which resist lateral force, 
and oblique articular facets which are not deep and so allow dislocation by 
overriding of one facet on another The spinous processes are short and 
attached to tho strong Iigamcntum nucha; 

Movements Flexion and extension of the head At atlanto occipital 
junction 

Rotation of tho head At the atlanto axoid junction 

Both these movements are supplemented by small movements of the 
vertebra; on one another a Inch summated allow considerable mobility 
This is best seen m tho mo\ ements of flexion and extension of the 6pmo and 
of lateral bending 

Dorsal Spine This portion of tho column is much more fixed, chiefly 
by tho attachment of the ribs but supplemented by the oblique natur© of the 
articular facets which above look postero laterally and below antero 
medially The oblique nature of the spinous processes also adds a bar to 
antero posterior displacement and generally increases the rigidity 

Lumbar spine Increased movement here, where the weight borne by j 
by tho column is increasing, demands gicatcr strength which is achieved b> 
tho increase m fiizo of the vertebro and greater ligamentous thickness Tho 
thoraco dorsal junction is the region rao4 commonly injured Tho spinous 
216 
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recesses 1*10 short nn<I strong, mid tho articular facets deep, and look 
lodiallj , so that tho facets of olio vertebra clasp tho facets of tho vertebra 
hove 7 he**) are increased m dejith, which makes dislocation a rurit>, as 
t requires great displacement 

llio intcrv crfcbrnl discs consist of a fluid nucleus pulposus, surroundcel 
$ a fibrous ring {annulus fibrosiis) which is at t aches 1 bj curt dago to tho upper 
.ml lower surfaces of tho vertebral bodj 11ns cart lingo disc is not separated 
rum tho cancellous bono of tho bodv by a layer of compact bone, but comes 
nto mtiniato relationship with tho circulation m tho cancellous bono I3y 
hfliiMon through tho cartila^o tho iiva-scular nucleus pulposus is nourished 
[Via postenor longitudinal hgaim nt is v« ry rarely tom owing to its .strength, 
aid it depends mainly on this fuct, together with tho interlocking articular 
irocesse**, that tho hpinul coni is rarely damaged, ami reduction by hyper 
.xtensioti mi safe and hatisfnctorv 

7 ho bony nrchite-cturo of a vertebra alums it to consist of cancellous bono 


t 

\ 


tic 172 lateral view of o lumbar vertebra showing tho thinning of 
Vm'ijt-cuViiT structure at tho nnte'nor margin of tho \ ertohra 

covered by a lajcr of compact bono winch is tcry thin Tho compact bono 
is increased in stiength posteriorly m tho region of tho puhclcs and in tho 
lamina. The cancellous bono of tho body is weakest at tho centre and tho 
anterior margin of tho body, which tends to allow easy compression of tho 
body by the vertebra above, hinged on tho aiticular facets behind 

fractures of the 6pino lend themselves less to ordered treatment than 
fractuies of the skull It is impossible to discuss fractures and fracture 
dislocations separately, and so they will bo handled together Injury to the 
cord overshadows tho bony injury, but tho bony injury is nevertheless 
important, and much more so than in the skull Tho discussion of tlio 
neurologic d plitnomt na in cusca of fiacturcd spmo must ho limited to a brief 

outline 

Aitiology 

i Direct injury Owing to the protection of the spmo by muscles, 
and its depth from the surface, little damage is usually done by 
direct injury to anything but the processes A spinous or transverse 
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process may be broken off Direct injury from projectiles can on 
the other hand produce the most severe injuries met with > 

Indirect injury (1) Compression Produced by falls from a 
height on to the feet It may be accompanied by calcaneal fracture 
Diving into shallow water produces the same effect Produces a 
wedging of the bodies rather than a fracture, and is commonly 
combined with flexion 

2 Flexion May be produced in a variety of ways, eg, a 
w eight falling on to the bent back It produces a compression of the 
vertebral body, which may result m a wedge-shaped deformity, ora 
fracture of the anterior upper hp of the body If the force is 
continued there may be a dislocation, or gross comminution of a body 

3 ExrENSION Produced by the falling body landing with the 
small of the back across some raised object This may produce 
extrusion of the nucleus pulposus anteriorly, or crushing injuries to 
the spines and laimnse 

4 Lateral flexion In the cervical region, if combined with 
some rotation, it may produce a dislocation In the lumbar region 
it produces compression of one side of a vertebral body and scoliosis 

5 Rotation This may be combined with lateral flexion or 
flexion and may be responsible for fractures of the articular processes, 
lamina) and pedicles 

First aid In fractures of the cervical spine hyper extension is 
to be aimed at as in other regions, and here the supine position with 
sandbags to check rotation is much better than the prone position, 
which is usually indiscriminately prescribed for fractured spines 
In fractures elsewhere the prone position on the stretcher is best, 
not because it m itself is of much benefit to the patient, but in lifting 
the patient there is no danger of the acute spinal flexion w hich may 
occur in a supine case carelessly lifted by the feet and head In gun 
shot wounds in which the vertebral bodies are destroyed, the patient 
should be carried supine First aid classes need more instruction 
about the varieties of spinal injury 

FRACTURES AND DISLOCATIONS OF THE ATLAS AND AXIS 

These rare lesions achieve an importance because of their danger 
to life from the risk of medullary compression by the dens Cases 
which arise from trauma, and are suitable for treatment, are rare 
Recently a series of cases from minor trauma, following inflammatory 
lesions in the vicinity of the tonsils and pharynx have been reported 
In these it is supposed that from long standing vasodilation in the 
region from the chronic sepsis nearby, there is a decalcifi cation of the 
atlas, which weakens the attachments of the trarnv erse ligament, and 
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dislocation readilj occurs from minor strains, such as mo; mg the head 
roughly m the preparation for tonsilltctomj buch cases followed 
h} serious results maj Ikj among the most distressing met with 



Ha 173 lho common fracturo 
mla in lho alia* throuAi (ho 
groo\ os for tho \ crlcbml »rU r) 



Fin 171 Tlio common fracturo 
Miic-t in tho nxu A At 
lho pedicle 1! Through 
tho lamina 


Fractures ATI is 'lho two I iter il mas-sea are united by two 
compiritnclj we ik arches The junction of the posterior arch with 
these is still further weakened by the grooic for the \crtcbrnl artery , 



lio 175 lho complete plaster applied lor fiucture of tho upper cervical 
veitebnr Absolute immobility is obtained by the grip on the chm 
the occiput and tho frontal ugion 

and fracture may occur lieie fiom hyper extension of the some 
(Fig 173) 

Axis In a similar way the axis m ;y be fiacturcd at the junction 



250 COMPLETE OUTLINE OF FRACTUBES 

of the pedicles and the body Fracture of the odontoid at its base 
allows the atlas to slip forward on the axis, producing medullary ' 
compression in the same way as rupture of the transverse ligament 
Diagnosis If the patient survives, the symptoms are similar 
to those of lesions of the cervical spine below this level Displace 
ment of bony points and loss of movement should not be tested for 
owing to the attendant risks X-ray examination is made with 
all care, the lateral picture being taken in the ordinary manner, 
and the AP picture with the mouth open, and the central ray 
m line with the base of the occiput and upper incisors The 
patient will be found to hold the head in the hands, and bo 
extremely reluctant to allow anyone else to do so Pam and stiS- 
ness are always present, and there may be symptoms of nerve 
pressure or paralysis of varying types 

Treatment Immobihsation m plaster without anesthesia, in 
the slightly hyper extended position , the plaster including the fore 
head and occiput and going down to the xiplusiemum 

Dislocations Rotary dislocation of the atlas on the axis is the most 
common lesion met with, but this is rare enough A subluxation of 
the atlanto epistrophic* joint with spontaneous reposition may' occur 
more frequently and pass undiagnosed The lesion illustrated (Fig 
199) shows a lateral shift of the atlas on the axis, combined 
with some forward movement of the atlas, due to relaxation of the 
transverse ligament of the atlas following inflammation in the region 
The more sudden dislocations usually produce sudden death 
Treatment The maintenance of complete reduction m these 
cases is not always easy, though reduction by manipulation »s 
simple Retention may he by hght traction of 7 to 14 lbs depending 
on the weight of the patient, which can be conveniently applied by 
the Crile head tractor, a simple apparatus which obtains a firm but 
comfortable grip A plaster as described for fracture m this region 
is perhaps more satisfactory, as any possibility of gross redisplace- 
ment when movmg is ruled out 

fractures, dislocations, and fracture dislocations 

OF THE CERVICAL SPINE 

Fractures 1 Fractures of articular facets, and transverse 
processes 

2 Fractures of the neural arch (Fig 174) 

(a) At pedicle 

(b) Behind articular facets 

3 Compression fractures'of vertebra) body These are essentially 
similar to those in the lumbar spine and are not discussed separately 
(p 201) 
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■1 Intturc of anterior margin of the boil} 
neural arch, articular facets or dislocation 

*» 1'issurc fractures of the bod}, without 
compression 

b Fnctuixsof the spinous process** (see 

V - 5 °) 

Dislocations 1 Uiuhteral Ductollcvion 
plus some rotition, or \iolent lateral tlcMou 
The articular process of the \ertcbra abo\e 
slides o\cr the facet below, and catches m the 
neural groo> c 

2 Bihtcrd Due to seacro tloxion Both 
articular facets aro displaced forwards into 
the neural grooaes of the \ertcbra below 

These ire most common in the region of 
C 4, 5, and 0 The hgunents of the lrticu- 
lation and tile intcracrtcbral disc arc alwa}s 


with fracture of the 



1*10 170 Unilateral <lu 
location of tho ccn ical 
vertebra, Mowed from 
behind A Upper ccr 
\ical vertebra rotating 
tho head to tho oppo 
Mto bklo to tho lemon 
13 bmglo upper arti 
cular facet Msiblafrom 
tho posterior aspect 


torn, and a chip fracture of tho aertcbral 

bod} below that dislocated is commonl} associated with them 


(Fig 180) 


Symptoms 1 he minor fractures w ith no dislocat ion gi\ e a lnstor} 


T 



Fm 1«7 Lateral \iew of a lio 178 Tho samo spino under Fia 171) Tho same 
bilateral fracture du traction os indicated by tho caso reduced 

location of tho cervical arrows A Ruptured inter Compare with 

6 P me v ertebral di&c 11 Tom inter radiogiaph» 

spinous and interlaminar ligu Tig ISO 

menta 

of injury associated with persistent stiff neck and tho injury is only 
diagnosed by radiography 

The more severe fractures gam their significance as a rule from 
the accompanying dislocation, which is responsible for tho signs of 
pressure on the cord and which vary from complete paralysis to a 
a transitory monoplegia The cord is piesscd between tho neural arch 
of the vertebra abo\e and the posterior aspect of the \eitebral body 
below A story of injury, followed by stiff neck, and possibly a wry 
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neck, is common to all cases, tlie more particular symptoms depending 
on whether the condition is unilateral or bilateral 

Unilateral lesions The head is lotated away from the side 
of the lesion If complete it is inclined to the side of the lesion , if 
incomplete, i e , the articular facets are still riding on one another, 
the inclination is to the opposite side, but this is small, and in 
practice is obscured by the rotation Pain is referred along a single 



Fig 1M) Fracture disloca Fig 181 Reduction Fig 182 Skeletal trac 
tion of the cer\ical \crte under skeletal trac tion relaxed 
bra; between C 5andC G tion 
Note anterior margin of 

C G carried forward in > 

©\ itable paraplegia and 
partial paraly&ia of the 
arms 

nerve root Displacement of spinous processes or transverse pro 
cesses may be detected bj palpation 

The chief problem in differential diagnosis is that of acute wrj 
neck with which the patient maj associate some minor injur} 

X rajs will distinguish In the radiograph a loss of the normal 
anterior convexity of the certical spine must be sought for This 
may even become concave 

Bilateral lesions The head is pushed forward, and fixed in 
the midhne, and there is a complete loss of rotation Pain and 
paralysis from a spinal nerve lesion may be bilateral The 
deformity of the depressed spinous process is more obvious, and > 
cord symptoms are more likely 

Fracture dislocations The fractures commonly associated 
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Willi disloe ttions ire fractures or the spinous processes, fractures of 
the articulir fleets, and chip fractures of 
the tj pc shown m lug 18 i, and companion 
fractures of the xertebral hod} 

Tklvtmlnt Reduction is soon ns 
possible, either with no an esthesi i or Iocd 
mesthesia, or, as i list resort, with general 
mxsthcsia Ihe neccssitj for an esthesm 
depends to some e\tent on the method, 
and methods in which it is unm-ces'-ny 
are to bo fa\ cured, owing to the risk of 
manipulation in a toneless unconscious 
piticnt 

1 Manipulation by haiul This is smt- 
iblc for incomplete and complete umlitcral 
lesions With the head o\tr the end of the 
table and held in the operator’s h mds, it 
is gcntlj extended, then Hexed to the oppo- 
site bide to the lesion, and iftcr further 
extension rotated to the side of the lesion, 
w hen the facets shuuld rule o\ or one another 
Tins method is punful, and may it quire 
some local aiuesthctic into the area of the 
dislocated facet (lug 184) 

2 Reduction by traction Slow reduction hj tiaction o\er a 
period of hours or longer Ins been abandoned, but fairly rapid 


tnodo of tlamago to tho 
»pmal cord in fracture 
ill locutions of tho ccr 
Meal x ertebr i A Dons 
11 Spinal cord C Chip 
fracture of tho IkxIj of 
tho sixth ccr\icnl xerte 
hru with rupture of tho 
nucleus pulposus D 
Coni mppixl between tho 
lninuiu of tho xirtcbra 
uboxe, and tho bod} of 
tho \trtcbm bcloxx E 
lorn lignmcntum nucha; 
and mtcr»pinou$ hpa 
incuts (Compare big 
ISO J 



, x I uiuuvuw ui Liiutcix Jeuieerieori. 

Counter traction and fetcadj mg force is applied by tho hands on tho 
shoulders 

reduction by traction has become the faxoured method It may be 
applied in a number of ways In all cases a sloping bed is used and 
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the patient’s weight used as counter-traction Traction on the head t 
may be made by a lialter under the chm and occiput, or more ^ 
recently small trephine holes ha\ e been made 
m the outer table of the skull under local 
anaesthesia and an adjustable metal tractor 
caught under the outer table, and pull made 
from here In either case the sling is attached 
to weights passing o\er a pulley, at the head 
of the bed These are steadily increased, if 
necessary, up to about 40 lbs The neck can 
be under radiological control, and it will be 
seen to slowly relax (Fig 180) till the facets 
disengage and slide over one another This 
can be appreciated by the fingers if theyy 
are kept on the transverse processes of the v 
vertebrae involved Where the pulley and 
^ weights are not available the sling can be 
attached to a belt around the waist of the surgeon, who holds the 
head in his hands and, by leaning back, produces an increasing 
amount of extension, and can, if necessary, manipulate the neck 



Fio 183 The technique 
of skeletal traction on 
the skull The metal 
hooks penetrate the 
outer table of tlio skull 
only 



Fig 18G Illustrating the method of obtaining traction on the nock by a 
head halter attached to a belt around the surgeon s waist Both 
hands are left free for manipulation and control 

(Fig 186) Another method of obtaining a graduated pull is by a 
pulley block and a spring balance Reduction can be carried out J 
under local anaesthesia as the time taken varies from two to fifteen 
m mutes, rarely longer If necessary gas with a little ether can be 




In I >7 \nt« ropo t< nor film sliuwiig. 
umlati rtl dislocation on flu lift side of 
tin urtuulatwm Utuii n flu mu nth 
and fn>t it r\ 11 ul \<rt< l>ri 


tia Iss froroanl dislocation of tliOMAcntli conical 
vertebra on tho first dorsal Noto (ho apparently 
<\ci-vi\d> largo foramen for (ho nerst duo to 
tho riding tip of (ho articular process Tlio 
accompanying fracturo of tho xpiiious process of 
C U is not clearly shown 



He. 


189 Compulsion fjactuie of a 
lorsal vertebra (D 7) showing the 
wedging of tho vertebra 



l*i& !!>!> tilm showing an accessory centio for the 
antenor margin of tho fifth lumbar vcitebra 
Sometimes mistaken for a fiucture 


1 f 


[To /ate p 



IMUH1LS 10 1HI, ci;r\ical .spine 


"5 j 


gi\Lii, or ]h ntotlnl Kidiuni iind, hut tins increases the need for 
care and accurate radiological control 

lidcnlton After Mtisfactorj control \ rajs, a piaster jacket 



hia I'M Diagrammatic n jm Mutation of tlio method of applying a 
plaM<r m Irncturc* of tho omen] r-pmo Tho pa tan t’« head lianga 
o\«r a tlim vukvIi n Jatli (A) attached to tho table and h nupportcd 
in tho hand* of a Mated assistant 

he he id in li^ptr extension is applied, which extends from the 
dcrmim to the occiput and chin, which arc held much on 



Fia 192 Plaster jacket with cervical extension for fractures of the lower 
cervical region 

^tho same plane The method of application is shown in Fig 191 
The patient is laid flat on an ouhnary wooden table to which a thin 
wooden lath has been naded, so that his head hangs extended over 
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the end of the lath and supported by an assistant With his hands } 
placed on the sides of the table a plaster jacket can be applied tc\ 
tne neck and upper part of the thorax When this has set the' 
patient may be slipped upwards oil the lath, which being padded 
slides out readily, and the rest of the jacket completed 

Recurrence of displacement after reduction of a dislocation 
should raise, first, the question wdiether reduction was complete, and, 
second, the suspicion that an articular process may bo fractured, 
thus allowing recurrence Such cases should be treated by con 
tinuous skeletal traction, while tying on a modified plaster bed, 
including the thorax and neck 

FRACTURES OF THE DORSAL SPINE 
This region is so protected and supported by tne ribs that thf^- 
only fracture commonly met with is a compression fracture of the \ 
vertebral body This remark of course excepts the last two 
thoracic vertebru which with the upper lumbar vertebrae are the 
vertebra? most commonly injured It is perhaps o w mg to the support 
of the ribs that compression fractures of this region are often unrecog 
msed on first appearance A small hyphos may pass unnoticed 
and it takes a few days in the upright ‘position before the vertebral 
body is further collapsed by the weight of the body This difficulty 
is also noted in the lumbar region It is highly probable that all 
cases of Kummel s disease are ov erlooked cases of compression 
iracture, and not due to any post traumatic vascular pathology in 
an unfracturcd vertebra 

That the early symptoms may be very slight is vouched for by 
the statement of one authority that 70 per cent of fractures of the^ 
spine are not diagnosed at the first examination i 

The symptomatology diagnosis and treatment will be discussed 
under fractures of the lumbar 
spine, which it closely resembles 
It must be mentioned that the 
same features which render 
injury to the dorsal spine so un 
common also render its reduction 
difficult It is impossible to get 
the lev erage on the thoracic spine 
that one can get on the lumbar, 
and so it is difficult to reduce a 
compression fracture so satis ^ 
faetorilj Complete reduction 
is, on the other hand, not so 
important This 1 vouched for 



p 5G jQ3 Method of forcible reduction of 
compression fractures of the upper 
dorsal spine by hyper ox tension o', er 
tho edge of the table 
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by the number of eases m which a ‘•ound functional result is seen in 
issocntion with moderate wedging of several vertebre, or marked 
wedging of one \crtcbnl bodv 'I he difficulty m reduction combined 
with the wish to rehc\e the pilunt of n long stay m a plaster jacket, 
has encouraged tlie more easu il treatment of these injuries, and this 
Ins not been followed b} any hms m post trunnatic disability It is 
therefore better to tre it model ittly ‘•uut: injuries of the thoracic 
spine by v period of bed rest, 
follow eel h\ bed exercises, and to 
allow the p it lent to get up w hen pain 
free In fractures of the lower elorh.il 
spine (T *>— T 1 -2), the else is judged 
on its merits A pi ister jacket m »y 
he omitted in minor ciscs, but where 
there is much deformity, reduction 
and pi ister arc necessary 

If reduction is to he attempted, 
hypcrcxtcnsion of the spine over the 
edge of a table is much more likely to 
he effective than the sling recom- 
mended for lumbar fractures (l*ig 
193) If in anesthetic is needed to 
relievo pain, the application of tho 
jacket is postponed till the patient 1 x “i>.i»hi!i 
has lecovtitd, is the comatose 
patient is difficult to handle except 
by the longitudinal sling method, m 
which the patient is 1} mg prone m a long towelling or canvas slmg 
The most interesting complication of fractures of the dorsal 
spine is fracture of the body of tho sternum, and tho occurrence 
of such a fracture and, particularly, if it docs not reduce itself 
spontaneously, should at once dnect attention to the vertebral 
column (Fig 222 ) 



fcjiMou fraitmo of tho 
lumbar i-pmo blunt mb tho frut 
tui o of tho hpuious procoMj 
which iiui> npluco li^uincntuud 
rupture (Compiiro tife, 10 J ) 


fractures of the lumbar spine 

Ihe first lumbar vertebra hes at the junction of tho moie rigid 
dorsal spine with the tlexiblo lumbarspmo, to tho lower end of which 
is attached the long level of pelvis and legs It is for this reisou 
the most fiequently injured vextebii, uid tho incidence of injury 
to the other vertebree falls off as one gets away from Ll Seventy 
L P er cen * ; °f fractuies occui m tlie region TIO to Ll Fifty per cent 
of all fractures of the spine aio compression fractures 
Mechanism See earlier discussion on page 248 
Types of fracture 1 Fractures of the spinous processes and 
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lammaj (a) Alone , (6), in association w ith compression fractures 
of the body 

2 Fractures of the transverse processes 

3 Compression fractures of the vertebral bodies 

(a) Fissure 



Fit. 105 iraituie of the spine with luptun of the spinous piocesses 
separation of a uedge from thf ifrtebnl body (Compare Fig" 194 

(b) Compiession In A P playc, kj pliosis (Fjg 20i 

In lateral plane, scoliosis 

(c) Commmuted fxactures 

4 Fracture dislocations of the vertebra. 

(а) Antero-postenor 

(б) Lateral 

5 Rupture and herniation of the nucleus pulposus 
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Fractures of the spinous processes and laminae For con- 
tinence Tract iircs of t ho spinous processes of the lumbar and cervical 
4pmo will be discussed together Thev arc uiicoinimm and may be 
due to direct violence, cy , filling on the hick across a beam, or 
more common! \ due. to the pull of alt idled hgimcnts In the 
cervical region the. blender spines lend to frieture just below their 
terminal expansions, to which powerful muscles .ire attached In 
the lumbar region in flexion frict urcs of the spine the separatum of 



t ig 195a \ntero posterior \ ten of u flexion fracture of u f-jmiona process 
and lumin c and tranveemo process of u xertebril body Compare) 


the neural arches may not occur through a ligamentous aiea, but by 
splittmg of a spmous process, the mterspinous ligaments remaining 
attached to its upper and Iowei half (Fig 104 ) Owing to the 
increased length of the process in the upper dorsal and cervical 
region it is most common heie 

The sixth cervical to the third thoracic spine are susceptible to 
fracture m workmen digging The bistory given is usually that the 
clod of earth being thrown off the shovel sticks to it, and the patient 
feels a sudden stab of pam in the back, accompanying the unex- 
pected jar Its occupational associations has earned for this lesion 
the title of “ shoveller’s fracture ” 
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Symptoms Local pain, bruising, tenderness and muscle spasm 
in the region Some depression of the spinous process may lie 
palpated, or it may be discovered to be movable Where the 
1 imin ee are fractured and depressed there may be pressure on the 
cord, 11 hieli w ill demand relief by open 
operation 

Treatment Owing to the multi 
tude of ligamentous attachments the 
displacement is usually small, the only 
necessity being the relief of pam, wine i 
may be obtained by confining the 
patient in bed, or more efficiently by 
infiltration of the area with novoedme 
Three alternative lines of treatment 
present theroslves in the cervical iegion 

(а) Massage exercises, and further 
infiltration with novocame, with a 
Schanz collar for support 

(б) A light plaster jacket with cer 
vical support 

(c) Excision of the tips of the 
fractured spinous processes 

In minor cases with one spinou; 
process only involved the first P r0 
ceduro is satisfactory Union i 
usually satisfactorily achieved in spite of the movement Ver 
rarely pam persists, and nonunion establish! s itself, when 
fractured tip of the process must be excised If other lesions an 
associated with the condition, then the light plaster cast is needeo 
Where there are multiple fractures with two or more spinou 
processes involved, there is % tendency for non union to occui 
probably due to the excessive mobility permitted, pam is apt 
be troublesome and persistent These casts, of which c A 
shovellers” fracture is an example should have excision ot 
fractured fragments as soon as possible 

Fractures of the lamime tend to bt bilateial, leaving the spinou 
process attached to the loose centre fragment If depressed, vvhic 
is uncommon and cord symptoms arc present the need for operatic 
is obvious If not depressed they are often missed, till persist# 
pam and the greater ease with which the fracture is seen m ti) 
radiograph after a short period has elapsed, enable a diagnos 
to be made In such cases the spinous process only should l 

CXC Fracture of the transverse process The majors nf these occi 



Big U'C Schanz collar for the 
immobilisation of the c« r\ ical 
spine in cases of minor injury 
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m the lumbar icgion duo to direct violence, or more rarely to muscular 
violence from the pull yf the psoas Ihe processes most frequently 
d imaged are those of L2, 3, and 4, either singly or togetlier 

S\ MVTOMb Loc il pain, tenderness and limitation of movements 
of the spine due to muscle spasm are seen Ihe pain may be w idely 
distributed or resemble lumbago of the localised type Raising the 
leg from the lied on the affected side, or passive by per extension may 
produce pain due to pull on tho 1 I 10 psoas A retroperitoneal 
lixmatoma or associated renal damage must be watched for in severe 
eases (Fig 198) 

Diagnosis Hus depends on the X ray, hut confusion with the 
features of recent fracture may 
arise from 1 An unumted centre 
for the transverse process This is 
usually bilatcnl, is most common 
m Ll, ind shows i layer of cortical 
bone over the surfaces supposed 
to be the fracture line (Fig 172) 

2 Similarly an atrophic rib 
attached to Ll may be mistaken 

3 The line of the psoas shadow 
may be confusing 4 Rarely a 
calcified gland occupies a position 
opposite tho end of a transverse 
process 

Trevtmevt Owing to tho 
fact that pain may persist for some 
tune after this injury it is not to bo treated lightly Rest ill bed to 
commence with is indicated, and, after improvement, judicious 
exercises and radiant heat are giv en 

Prognosis This is good, but a few cases develop chrome back 
strain which shows up after the injury is apparently healed In 
some cases this is psychotic in origin, and no man with fractiue of a 
transv erse process should be told ho has a fractured spine 

Compression Fractures of the Lumbar Vertebrae 
These may be divided into tw o groups of cases 
Group 1 In. w Inch the interspinous ligaments and mterv ertebral 
ligaments are intact This limits tho displacement, and wedging 
of a vertebral body is usually all that occurs , sometimes there 
is a fissure, or a chip off the body below, or the wedging may 
exten d over several vertebral The intervertebral discs remain 
intact Cord symptoms and nerve root symptoms do not occur 
This is the most common lesion (Fig 200) 



lia 1117 Unumted ucccs«or> centre for 
tho trun»\cr»o process of tho first 
lumbar \trtcbra resembling 
(racturo 
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Fig 200 Compression fracture 
of a vertebral body without 
rupture of ligaments \ 
Slightly wedged vertebra 



Fjg 201 Fiacturo of tlio upper 
anterior margin of a \ ertebra 
Usually BOnie wedging of one or 
other \ ertebra accompanies this 
lesion A Bony chip B Nucleus 
pulposus herniating tlirough the 
hssuro and lying below the 
anterior longitudinal ligament 


Group 2 Where the mterspmous and interlaminar ligaments 
aie tom a much gi eater displacement can occur, and strain is thrown 
on the anterior and posterior longitudinal ligaments The posterior 
ligament being very strong remains intact m all but shattering 



Fig 202 Crush froctui o of the twelfth dortal and first lumbar \ erUbne 
with marked kj phosis No cord symptoms 
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lesions, ami s» helps to protet t the cord I lit tc irmg of out intcr- 
f'piiious ligament iistnlh allows the force’ to Ik ixjiciided oil <om- 
plclol} crushing the both of the vertebra Ik.Iihv Where thert js 
definite fracture of the ImmI} t lit nucleus (iuIjmhih is ruptured and 
nuclear material in forced into the cancellous hone spues If the 
force earner tlie iipjar jxirtum of the 
urtcbral column Mill further forward 
there w danger of eompre^um or t\en 
section of tlie* cord which is e night 
between the I limn e of the vertebn 
•lime ami the jHistenor Mirfaee of the 
bod} lielou It in onl} with itijun of 
this t}|H! that dihloe ition nm com 
phcitc the picture 'Hit anterior 
lohgitudmd ligament t>ung Mrong and 
it the centre of the angle of displace 
ment is not torn ami ik a guarantee 
that m correction l»v h}|Hr extension 
o\er diHpl icemciit will not occur 
(tig 201) 

b \ mitosis Pam in the hack is the 
most prominent feature J',\ on in the 
ihsuico of cord injur} the pitient nui} 

Sl } he feels broken m two V k}phos ma} be obvious, but if the 
pitient his been tnusjiortcd correctly it may not have occurred, 
or he partly reduced In the severe displacements an n regularity 
1,1 the level of the spinous pioeesses ma} ho palpited, or thcro 
may be a gap of unusual eiepth between them The spmo is 
fi\td by muscle spasm Nerve loot pnm of a unilateral typo 
°r “girdle” pain may bo complained of, and all the degiecs of 
c ord injury to he discussed latci ma} ho associated with the 
k.sion 

A lustoiy of suggestive injury plus local pain justilies an X ra} 
t is the lateral view which is most inventing r l ho nntei o posterior 
mn is often confusing, especially in tlie lone i lumbai icgion where 
the vertebne are on an angle 

Fracture dislocations Most of tho featuies of dislocation of both 
Articular facets in tlie lumbar legion havo been discussed above, 
^remains to mention a iaio latci il fractmo dislocation 
f'ura with lateral flexion done, m combined with a lateral 
the body when tho pelvis is lived Tho uppu articular 
side is broken which ullows the veitebia above to slip 
tins may bo accomp lined by i latual eomjuession 
the veitebi i This is best seen m t lie A V \ tu}, 


I in .01 1 rii< turn of tho \*rt«. 

Inn l ImmI} with nipluro of tho 

lllti l>l>lllOIIS ll^llllll lit* hllUW 

iiu* tho t,nat»r duplncomuit 
allowed and tho iiktiumsI 
•laii^i r of lord damage A 
H« minting mull on ]ml|>otuu 
11 lliijitund mti r»|mtouH h(,u 
mint* C Sito for mjixtion of 
lot a) an i ithitic 
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1 Hi 200 Compression fiacture 
of a \ ertebra 1 bod) without 
rupture of ligaments \ 
Slightly wedged \ ertebra 



1 io iol hracturo of t ho upper 
anterior margin of a \ ertebra 
Uuuall) some wedgmg of ono or 
other \ ertebra: accompanies this 
lesion A Bony chip B Nucleus 
pulposus herniating through tho 
fissure and lying below tho 
anterior longitudinal ligament 


Group 2 Where the mterspmous and interlaminar ligament 
are tom a much greatei displacement can occur, and strain is throw 
on the anterior and posterior longitudinal ligaments The posterio 
ligament being \ery strong remains intact m all but sliattenn 



Fio -02 


Crush fracture of the twelfth dorsal and first lumbar \ortebrae 
v ith marked kyphosis >>o cord M mptoms 
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paralvns tho treatment h is de-enbed liter If absent i piaster 
j icket <m ho applied 

Treatment of Compression fractures 
Fractures without displacement It is ma^in to present 
compression b> some form of -piinl supjHirt, or m mild t l-ts by a 
peruxi of bed rc«*t and graded uclivitv (r j , fr ictures of the dor'll 
tpme) Tim most com (incut is a plaster jacket applied by one of the 
v nnous me ms dc ‘•enU'd below I’orophstic or other more exi>en''ivc 
jackets may be usxl Hie > must be worn for i j>enod of three to mx 
months dciKinhng on the H\tnt\ of the accident 

Fractures with displacement It mesM.nti d th it the displacement 
be reduced for the Mtitfutoia* he ding of the spine md the relief of 
pressure or teiiMon on the coni if it is invoked 'I he sooner tho 
reduction is earned out the Utter, once the pnmirv shock has 



Jig —0(1 Ono \aral> of ti>|K.r-cxtin»ioii frumo iw ascii to obtain gradual 
l>>pcr-cxt(.iihion of tlio i>pim 

passed oil Locil anesthetic can bo very useful, but it is unazing 
how many ciscs can bo gently reduced under the influence of 
morphia and scopolamine, with no local an isthcsia at all In 
at least 50 per cent of coses any more an Lsthcsi.i than tint, is 
unnecessary If nny general an esthcsia is used pentotlinl followed 
hy gasoxjgen ih satisfactory Spinal anesthesia has been used 
very successful!} 

Reduction b} all methods depends on tho leverage excited on 
the fracture site by hypei extension of tho spine That hyper- 
extension can be earned out safely depends on tho antcuor Iongitu- 
mal hgament being intact, and tho inter locking of the aiticular 
processes Where these are bioken or dislocated there is much 
greater risk of displacement Numeious methods foi extending tho 
J>pme have been developed and will be outlined 
Th*i^ 0W re( * uctlon on a hinged frame of the Bradford type 
e kyphos is arranged to lie at the level of the hinge, and the 
ex ension increased daily This is a slow method, which is not alwa}s 
rT H a ? tor ^’ an d Illa y be very uncomfortable It keeps tho patient 
n ls )ac k when other methods allow him about, and is v eij seldom 
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and if there is little displacement 
may be overlooked m the lateral^ 
film A scoliosis together with 
many features mentioned above are 
found Treatment is very similar to 
the compression fractures, extension 
being combined v, ith lateral pressure 
The risk of cord damage m reduction 
is ml, but there is a very grave risk 
at the time of the accident 

Dislocation of both articular facets 
Eio 204 Dislocation of the lumbar „ ,, , , , ,, 

vertebra; V Upper vertebra occurs m the lower dorsal and lumbar 
pushed forward B Lower facets regions In these cases, following 
riding on tho lamina) of the ver , n ,, , ,i„_ 

tebra above c Upper facets of se ' ere hyperflexion, the articular ^ 
vertebra boiow visibloatiammec facets of the vertebra above ride Up 
ably damaged here over fc ho superior facets ot tne 

vertebra below , and come to rest on 
the upper surface of the lamin-B in front of them (Fig 204) It is 
obvious that to make them.retrace their path the vertebra must be 
separated for a distance equal to the depth of the articular facets, 
which m the lumbar region approxi- 
mate to J inch This is impos- 
sible to accomplish by traction and 
open operation must bo resorted 
to Often the lesion is not recog 
msed till control X rajs are taken 
after attempted hyper - extension 
reduction These show' a widenmg 
of the space between the vertebra 
due to a lunging on the new articula- 
tion, together with a forward shift 
of the upper vertebra (Fig 205) 

The lesion is almost inevitably ac- 
companied bj cord damage of a 
serious type, and a compression 
fracture of the lower vertebra 
Operative rfductiok A 
curved incision is made over the 

hyphos, and the spines and lamina! exposed The lesion is easily 
recognised by the uncovered glistening articular facets of the lower 
vertebra To allow reduction these must be cut away, and to 
approach them it is often necessary to remove the spmous process 
of the vertebra above Once cut awaj, reduction by elevation of 
the legs, as described later, is earned out In the presence of 



io 205 Effect of extension on a 
lumbar dislocation A Upper v er 
tebra) are still anterior to the 
v ertebne below B Increased 
interv ertebral space larger than 
normal C Depression of the 
spinous processes still persist* The 
dislocation is Often not recognised 
till this picture is seen 
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V ilmwinanl «h«h .« ntmllv ■'-"■-o ' ■ 

fmltm* m Huh ngmn. ™1 «1,o |u«.cnt nn> nj,-»r ^ ^ 4 

for tins ,,rouul...K \t H«,n a, the . efonn.l} u ml ucM 
M ti-futl.in tin pit.cut it riling ... ll« ■>..»« '« , * 

t j v i tint tint \i( tilling ,t pi .ml nil •. Ic.cl I.,tl. *1.0 lonrr Ill-tin 

\crtchri 1 mil i tiUtUr inl-ct ipphcil (tig l''l) 

(T'ii. "» i„st t.,,. •f.ict-ri met In h I "i- f' 



1 iu «()h ](> JM r < xt< n>.u»i of thuh|>iiio l>\ a ultii), oinl jnilli \ 

Him imtliml m iimfnj for ml w turn Imt unW* » on. full> 
UmsI ]) rot I iic i h too j,rtnt a tlormlli xmn for llio ntion 
of plunk r 

°f applj mg i jacket, is susjk.»mou with the pitient 
supme position This is done hy hanging this pitient i 
webbing strap sti etched bj a wido (2d me lies) hteel lioi -»c - 
can be elevated as dcMied by a block and tuekle s\htem «tt 
a hook m the ceding Alternatively, if a hydiaulie opiiatm 
available, hjied suspension, w itli the table fully ele\ ated max 
1 ant l the table low eied to obtain hy peie\tension The we 1 ’ 

» two books from which it can be icadily detached on itk 

ent Between the patient and the webbing a pid < 
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u^xl (Fijr -Oo) except m the presence of complications such a. 
paralysis, or abdomrn d dis*ens,on 

- Hi vui nui e*iO t fy h^p^r-erfe u to 4 (-j) By elevating th; 

teul iad shoulders. on one* t able while the hotly lieL prone with th. 
leg^ testing on 1 lower t able wlueh comes up to the level of the low,, 
margui of the pubes uid thus allows. the lumbar spine to sin be twee’ 
them After \ little tune his ehpsetl for muscular rcl uvition th. 
deformity reduces itself uid 1 plaster jacket i» applied (Fig -07) 
(o) Leo\ mg the legs strapped to the low er t ib T e 1 sling m av V 
applied around tl e chest below the arms and this being att ached 
b\ 1 pullev bWfc to a hook high up m the will tightening it ” 
-t ill turther hvper-e\u nd the -pme thin un thod (a) After rvduc 



4 1 _ » if. 'tf .wir tvui\i s.41. 


t ion it is %uh tonlaxthis 1 hale is \tr\ lull hi per-< xtension is 
jvimiul tor tin jvitum md hkel\ to product pressure 'orx.s under 
tl e plis.tr or t\en jurilvtu thus (Fig -0c*) 

(r) R\ elevating the leg*, of 1 proie patnnt h\j*r-t \teiision of 
the spine nm be produced fhis nu tluxl 1^ useful when uvom- 
jvammg opntne procedures is tie apparatus is out ot the wi\. 
It produces only 1 mod erne hypertext ension whuh l*. 'otisiieiork 
for patient** with a mild uijun, 

By 1 i\ mg the patient supine uul stripping tl t h**g, md ieet 
nrmlv to' the taVe so thit the pat.ert s upjxr thorax hang* over" 
the end of the table some h\ per-exteiision of the thoruie region ma\ 
be produced The edge ot the table is placed at the Uael of the - 
thciraue kyphos ThL position is aery uncomfortable for the 
patient especial] \ it it i" accompanied b\ procure on t U ' ho aiders ^ 
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tissue 15 indies by -Fk inches is placed, and both are wrapped in 
cellophane This is important as the cellophane prevents the 



Fig 209 Tho padding m tho 
suspensory method of applj 
mg a plaster jacket Dm 
grammatie transt er»o section 
A Skin B Laj cr of cello 
phono C Pad of gamgeo 
tissue 15 y 4£ inches D 
NY ebbing band E Plaster 
of jacket 


Fie 210 Diagram of laj era of material aroun 
spinal sling — - 
A Lajer of cellophane 
B Gauze pad 
C Slmg 


plaster from adhering to the nebbing and so enables it to be 
pulled out from between the padding and the plaster once this 
lias set (Fig 209) 

The webbing and pad is arranged below the patient at a Ie\el 



Fic ill The method of application of a planter jacket by the sling in 
the supine position Iso to tho pad between the sling and the patient 
and o\er the anterior superior iliac spine Tho amount of extension 
13 adjusted bj blocks under the feet and the head 


tOMi’IU>MON 11'\nin> <»j Mil ‘'I'JNh 


torn*- pond mg to Hint <>i Hi'* fiwlmul vutchn The* pitiont is 
thin gimlunlh thialul bv boi liiu on the Mock vnd tickle 
After ii few immili- tin nni-flc* «»f tf.c 6 pirn rrhx ind the 
p it it nt mu tb* 4ulilmv I Ini* ft <lm mg the defonmtv uni 

]n]Kr(\Ui»!iii K tin f-piiic 1 In pun ««»ntnilhd in ill Imt 
kuiu limtimn In i j ) ■ >f plii i uni m ojxiluiiinc In tbc* more *>everc 
c im s gvt «n«l o\ipn »“ uni Mtv Imt where ini-dhe-ui i* u ed 
tlio |i tt it lit mind lint In m t ***I ‘•‘i high from the t ihjr to iwnd 



1 ki -12 iliu jiWn r u|>jili«<tl Jin hluij, i* ti ft in jm> itioii lill Ihu plitHt i r 
i*tn inn) t luu tun lx iu»il} w it lull nun *tn<) t)i<< mp-t jila Uml uur 

over extension of tin spine whnli ih apt to oeeui if all muscle tone 
w lost 

A plaster jacket ih applied in thin position, as descubcd in 
Chapter XIII, allowing the webbing to protrude through gaps in 
cither side When the plaster Ihih bet it is withdrawn tluough these, 
the gamgee pad tnmmed, and tho gaps elosed w ith a plaster bandage 
Ihe plaster is trimmed anti a window made antenoily over tho 
stomach Occasionally a window posteriory over tho Hpmous 
processes at the height of tho lumbar cmvo may be needed to lelicve 
pressure on the tips of the spinous processes of very thin or eldcily 



268 


COMPLETE OUTLINE OF FRACTUREb 


tissue 15 inches by inches is placed, and both are wrapped in 
cellophane This is important as the cellophane prevents the 4 



Fig 20^ The padding m the 
auapcnsorj method of apph, 
mg a planter jacket Dia 
grammatic Iran. v erse section 
A. Skm B Lajer of cello 
phone C Pad of gamgeo 
tissue 13 y 41 inches D 
W ebbmg band h Piaster 
of jacket 



hiG 210 Diagram of lasers of material around 
spinal si mg — 

A Lay er of cellophane 
B Gauze phd. 

C Sling 


plaster from adhering to the webbing and so enables it to be 
pulled out from between the padding and the plaster once this 
has set (Fig 200) 

The webbing and pad is arranged below the patient at a level 



Fjg _'l J The method of application of a pl&btcr jacket by the sling w ^ 
the supine position Note the pad between the sling and the patient 
and over the anterior superior iliac spine The amount of extension 
H adjusted bj blocks under the feet and the head 
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patients r riie pad is left m &1I11 nuclei the postouoi opening and 
prevents piisstuo on the edges of (he plastei 

Al a J K-iUMTMi nt Af tot tho application ot such a jacket tlio 
patient is \et\ uiuomfm table till ho adapts himscli to tho new 
position, and loejiures moiplna loi tho lust twenty fom Iiouis 
Vomiting dmmg this peuod is not uncommon, uid should occasion 
no ahum unless it contmues Vaialytie ileus ol a subicuto typo 
mu> lollow 1 plastei applied too tiglith and m too gieit lijpu- 
extonsion This is iaie, hut is indicated h} detenoiation 111 the 
pdunts condition jmin distension and continuation ot the 
counting It mussit ites lemennl of the* plastei 

The* patient should ha\o tho east clued hy hung placed undci 1 
heat aatUe feu the (list night 'l lie hack of the cast is clued tiist 
w lule the patient is awake and t in he m the pione position Ciucful 
balancing of the cast is necessiuy foi 
the lust eln\s, and an ine\peiicnccd 
must should he caiefully inst meted 
when* pillows aie to go, if the patient 
is to he pioteeted Jiom discoinfmt, and 
the plastei to lemum undefoinud On 
the lollow mg eln> he is, as a itilt*, mole 
comim table sitting up 01 trying to walk, 
and when he tommeiius tins it will as 
a iide he found lutossaiy to turn the 
plaster initial as the patient settles 
into it V contiol \ 1 1\ should ho 
t ike n tluough the plaster to cheek tho 
iidmtion It unsat islae tcn> tho patient 
is allowed to idapt himseli to the amount 
ol hvpei extension obtained toi a few 
da\s and is then leplastired in gicater 
h\ pet extension 

Vs soon as lomenient cxeieiscs aio 
minim need which aio designed to use 
all the musvlcs ot the liodj, and pu 
tuulnilv the extensois of t he spine 
Those dlustrited m Bolilci s hook aio 
lathei heroic, hut it is urn irkahlo what 
a patient tan do Thiso are continued 
thtouglumt the penod ol immobilisation 
which \ nus according to the siuulv of 
(iu fine tori fiom three <•> six months 
V jo new d of tho phstci isusuilh ncees«,u\ at tho end of thosu.omI 
niontli and tho oppmtumtx is taken foi a control X rej without 





J\H KlUs |o MU. M'lVU/UlM* 


(j) ViohpKf oj o nwbv* ilm m>\ Ik. either HUnl f 

with ft it nit % of m r%i* root iinfif ion < 7 vniM, hnchnl neuritis 
oruntml, with ft ilim-mf ton! unnpn *«uui m the cm ml region 
or InltUi A mm foot imolnimut in the tiimhir rigmn 

4 i’tHTfti immomiiiti m tui c<u*r» Ihcre 

is }i imonhi^e uotwd tin rnd* of the which Htrr lx come 
roiiwloi ujf »*wl lit t« the dtin tantil « v^fie rax stir* inij 
iku hip rent nnmg ihguiu it*d blood 

Neurological feature* of cord mfurlci It i* ouk jirojwf'Crl here- 
to pxe *1 hmf ouOim of tin m uti f< dun * of <und Icinii-* 

IvoMlHTf TfliN^nios oj ut» t«»iu» J Mige of spunl 
hhoth lime ib i i! if o<i |i»» il\M" with l« »•>*•« of ill nllet att>uf\. 



ill I’utKiit wm)i fiiMtim *>f ll»' lumlMr ojwin ntxl coni *)ni|itunK 
hull* t*Wl tul» lunl >' a 


except perhaps a lltxoi piant.u and lo-»i <»J all "Uisition 

fhia stage j*» jujt m> lomphtu «w m total Motion ol the told, and 
teiuk to pi?*-, off tn her usually four to Use days '-eiiMbditj 

tttouimg hut 

2 btage of utmnmg uth\ utixitv («} Tone uitiuiis to 
smooth niuxih, fust, with iittptouMl bhuUUu fuwtion mui nujmntd 
vasomotor c omhtiou of the *>hin 

(h) io»t returns to xohmt.ny muscle, but the cxtuisw muscles 
!l xe the nia-MiHum tune, jnodmmg jH«aIj&w m extension * This 
ji w “ yc to the dominance ol the c\ti i pyramidal tracts, especially the 
xestibulo spnml 

(c) Involuntary movi mi nts an* mfuquettfc 
^ Htflox luoxunuiH 13\tui*>oi ihiust ieilo\ may be elicited. 
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vomiting There may be passage of flatus, and audible borborygmi, 
bub m severe cases tliere is absolute paralysis for a short period 
With the treatment of the shock and rest the patient’s condition 
generally improves, and intestinal function is restored agam 

G Damage to nerve roots Tins may occur by direct involve- 
ment m bony fragments (rare), or more commonly by the disc 
prolapse described abov e 

INJURIES TO THE SPINAL CORD ASSOCIATED WITH THE 
FRACTURES OF THE SPINE 

It is in the fracture dislocations that sufficient movement of one 
vertebra on another is allowed to produce severe injury to the cord 
Thus m the cases of fracture dislocation of the lumbar vertebral, 
when the articular facets sit on the laminae of the vertebra below, - 
the cord is inevitably damaged and frequently severely Usually 
the cord is nipped between the lamina; of the vertebra above and 
the posterior aspect of the body below Cord injury may be pro 
duced m other w ays as outlined below 

Types of cord injury 1 Stretching Severe extension or 
flexion may produce a very short-lived quadriplegia with rapid 
recovery, if it occurs in the neck A paraplegia of similar type 
seldom occurs from injury m the lumbar region as the range of 
movement is more limited Later there may be some parcesthesia 
or muscular weakness The X ray will be negative in a few cases 

2 Spinal shock or concussion This may follow bullet w ounds 
in the region of the cord The paraplegia lasts three days to three 
weeks and goes on to complete recovery The symptoms of the 
above types of injury tend to be less complete than the succeeding - 
two types 

3 Compression This may be due to a variety of causes 

(а) (Edema Possibly the most frequent cause in cases which 

recover completely 

(б) Pressure of a foreign body 

(c) Depressed fragments of bone Usually the spine and lamina; 

Demands relief by operation 

(d) Ilamorrkage The symptoms are masked it first by spinal 

shock 

1 Extra medullary Pioduces mild symptoms is i rule 

(Raio ciscs of ascending p iialysis as the spinal theca 
fills with blood ) 

2 Intramedullary (Hajmatomyelia) .Shows fcatuies of j 

dissociated anesthesia with some lower motor 
neurone paralysis over the affected segments 

(e) Inflammation awl later fibrosis, o> pleasure of an abscess 
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(/) ProIajM of f* nvcltui jtuJj/om Huh im\ be cit her lateral, 
with features of nme loot irritation, c >j sciatica, brachial neuritis, 
or central, with features of coni compression in tlu cemcil region, 
or bihlcial nme root involvement in the lumbar regime 

4 PvilTlVl. VMl ( OMI'I 1 Tl TKVNSMTIOX or TUI COM) 'llicre 
h lmnonhage around the ends of the eonl, which liter become) 
rounded off and iltachcd to the dun ‘"'in ill iWic cavities may 
develop emit unmg degenerated blood 

Neurological features of cord injuries It is milv proposed litre 
to give a brief outline of the in un ft ituies of eonl lesions 

1 mom i*i 1 Tl Tit \x M trios en Till i oiui 1 .Stage of spmal 
shock There is i timid ptrdvMs with loss of ill relics activitv, 



tie 214 Put uiit uitl) fiuctim« of tlu. lumlmr miiiio ami eonl b^mptoiim 
tnatwl on u iloulilo itruun s oplmt with hktlctol tiaction through 
both tiliiul tulx iomIu s 


except peihaps i flcxoi pluntui jcHpuiiso, and loss ol all sensation 
This stage ib not bo complete as m total bcction ot the coiel, and 
tends to pass off cnliei, usually foui to five dajs, seiibibility 

recovering first 

2 Stage of returning lcllcx activity {«) Temo letmns to 
smooth muscle hibt, with impioved blaehlci function and improved 
■vasomotor condition of tho skm 

(&) Tone returns to voluntary muscle, but the extensor muscles 
ia Y e ^ le maximum tone, producing ‘ paialj sib in extension ” This 
13 due to the dominance of the extra-pyramidal tracts, especially the 
vestibulo spmal 

(c) Involuntary movements aio infrequent 
c ^ Reflex movements Exleiisoi tin ust leflox may be elicited, 
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or the crossed extensor reflex The deep reflexes become easier to 
elicit, and the knee jerk shows a prolonged relaxation from increased 
extensor tone 

Complete transection oi> the coed I Stage of spinal shock 
Severe and lasts two to thiee weeks The persistence of tins stage 
over one week indicates that recovery is unlikely 

2 Stage of reflex activity (a) Tone returns first, as above, to 
smooth muscle 

(6) Tone returns to voluntary muscle, but the flexor muscles 
have the maximum tone, producing “ paralysis in flexion " All 
muscles aie much more hypotonic than in incomplete lesions 

(c) Involuntaiy movements and reflex activities are frequent 

(d) Reflex movements The flexor reflex , w Inch is a fractionated 
withdrawal reflex fiont nociceptive stimuli, returns, and with it 
various amounts of withdiawal The mass reflex may be elicited 
by stimuli, and the coitus reflex The deep reflexes return some 
weeks after the flexor reflexes 

3 Stage of failure of reflex activity The threshold of stimuli 
required to produce reflex action is raised, letention sets m again, 
vasomotor control is lost, bed sores develop, and muscles waste 
grossly 

The development of a true Brown Sequaid syndrome is a very 
rare occunence with fractures, though it may occur atypically 

The care of cases with paralysis Difficulties arise from (I) The 
maintenance of correction of the deformity (2) Retention of 
unne, and urinaiy infection (3) The presence of constipation or 
incontinence (4) The development of bed sores (3) The develop- 
ment of deformities from muscle imbalance 

The deformity is as easily corrected as in cases without paralysis, 
but the method of retention is difficult as any fixation is likely to 
produce bed sores For this reason patients have been nursed on 
water beds, in plaster beds, and even in warmed oil The most 
satisfactory method 13 a plaster shell, in which the pressure on the 
sacrum is relieved by having both legs supported on Braun’s splints 
with traction on pins through the tibial tubercles (Fig 214) 

Retention of urine occurs most markedly with partial lesions, 
and it is important to avoid o\er distension m the first twenty four 
hours Cases with a complete lesion have relaxed sphincters and 
dnbble urine at intervals It tikc-> a little time for the automatic 
bladder to be developed, and during this time the patient must be 
regularly catheterised, or, better, have a catheter tiedm and attached 
to a machine which automatically empties and washes the bladder 
nt the same time (tidal drainage) 

Others ire in fivour of m earlv •mpripubic cystotomy with a 

^ "\ 
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light lilting tulie This can bo attached to (ho tidal drainage 
machine and avoids iiicthntis If infection of any severity occurs, 
suprapubic c>Moloni\ ih ntce^irv and in a complete Icnon h most 
silihfictorv done oh carl} ih jK^HibU Mediciu d methods of con- 
trolling urmar\ mfet tion should of ioiii-c In invoked 

Incontinence is more tiouble than loustip ition as it tends to 
produce l>ed sores Constip ition is trcitcd by a dnily enema, and 
this is not always simple as the pit lint tends to retain it 

Bed sores arc ivoidcd by re hexing the Known pressure points 
bj a well bhajK-d plaster lied, ski let il traction on the legs and 
frequent turning of the jut lent *1 lie skin is carefully hardened 
with spirit, ami i>owdcrcd Hot w iter bottles are taboo When 
dc\ eloped the necrotic tissue in ly lie removed by foments of 10 per 
cent aluminium icct ilc The sore is then protected by clnstopfast, 
which is only changed when dirt} If pressure is kept from the 
skin it usually heals under such treatment When the patient is 
better, ultra-violet light, fresh air and sun, may lie used to stimulate 
healing 

Deformities can only lie prevented by adequato splinting A 
patient nursed on Braun’s splints jth the feet held in tho neutral 
position is having lus llcuon eontrutures of tho laps and knees 
controlled, and the* trpinius deformity of the* feet can bo easily 
corrected Should deformities develop in spito of this tenotomies 
arc usually necessary for their correction, or neurectomies of the 
stronger muscle groups 

Lesions of the cauda equina As the spinal cord ends at tho level 
of the second L vertebra, injuries to the spine below this mvolvo 
the cauda equina buck lesions take tho form of a peripheral nervo 
injury, with a root distribution Thus thcro will bo llaccid paralysis, 
'nth complete loss of reflexes, patchy loss of sensation, and sensory 
paralysis w ith incontinence of tho rectum and bladdci Slow recovery 
of function is observed, us in peripheral nervo lesions elsewhere, but 
the patient is liable to tho complications of a long standing partial 
lesion of the cord, and must bo nursed as such In a few cases 
whero there is evidence of picssuio of bono laminectomy and nerve 
suture has been carried out 

Compound injuries of the spine The treatment of these lesions 
may be worked out from a consideration of tho treatment of com- 


pound fractures in general, and of those of the head in jiarticular 
AU damaged tissue is removed Tho theca is preserved intact if 
possible If it is impossible to close the wound owing to loss of 
tissue, it is packed with gauze as m otliei cases of gross tissue loss, 
and the patient nursed in a plaster bed Occasionally it is possible 
o treat clean rifle bullet wounds expectantly, but generally speaking 
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the track should be opened up, cleaned and the edges excised 
Drainage must be inserted if the hasinostasis is doubtful 

Operative treatment of cases with paralysis The symptoms of 
compression are the same as those of complete or partial transection 
of the cord First the stage of sjunal shock must be allow ed to pass 
off, unless there is definite evidence of bone or a foreign body pressing 
on the cord which are the only indications for immediate laminec- 
tomy Nor should operation be carried out m the stage of primary 
shock or in the presence of infection Operation is rarely indicated 
and can sen e only one purpose, the relief of pressure on the cord 
In the absence of X-ray evidence of this the distinction betw een a 
lesion of the cord due to partial or complete section and one duo to 
pressure is very difficult A test of paramount importance to 
determine the presence of pressure on the cord is the Queckenstcdt 
test This consists of performing lumbar puncture below the level 
of the lesion, and measuring the pressure w ith a manometer The 
jugular veins are now pressed upon, thus causing a rise m intra- 
cranial pressure If there is no block in the spinal canal this will 
be fairly rapidly transmitted to the manometer If there is a block, 
no change m pressure will occur, and the fluid withdrawn will be 
tinged yellow, and show a great rise in protem content (Froins 
syndrome) If the block is partial the rise in pressure will be 
gradual, and it will subside slowly By this means a suspicion of 
pressure on the cord can be confirmed, and it is only in the presence 
of a positive Queckenstcdt that operation is to be recommended 
Factors in the clinical progress of the case which may suggest 
pressure are the development of paralysis after a stage of improve- 
ment in an incomplete case If paralysis occurs later m a case it 
may be due to fibrosis, or to cjstic change m hvmorrhage round 
the cord These conditions offer some hope of relief Operation is 
useless in complete cases and m incomplete cases vv Inch continue to 
improve 

We may sum up the indications for laminectomy as follows 

1 Immediate Compound, wounds, foreign bodies and bone 
pressing on cord Dislocations 

2 111 incomplete cases only if improvement suddenly ceases 

3 If paralysis occurs later in the case 

4 For the rcbef of severe root pain 

5 For suture of the anterior nerve roots in cauda equina lesions 

Prognosis In all cases of complete lesion it is very bad, as, 

if the patient does not die of the immediate lesion, ho dies later 
from renal infection or pressure sores In incomplete lesions which 
do not make a good rocov cry it is a little better, but it usually means 
that the onset of fatal complications is onlv delav ed In all cases 
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it mint be borne m mind that a hint prognosis can only be given 
after -watching the patient for at lcist a month to allow the effect-* 
of «pmal shock to wear off completely 
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the track should be opened up, cleaned and the edges excised 
Drainage must be inserted if the haemostasis is doubtful 

Operative treatment of cases with paralysis The symptoms of 
compression are the same as those of complete or partial transection 
of the cord First the stage of spinal shock must be allowed to pass 
off, unless there is definite evidence of bone or a foreign body pressing 
on the cord which aie the only indications for immediate lannnec 
tomy Nor should operation be carried out m the stage of primary 
shock or m the presence of infection Operation is rarely indicated 
and can serv e only one purpose, the relief of pressure on the cord 
In the absence of X-ray evidence of this the distinction between a 
lesion, of the cord due to partial or complete section and one due to 
pressure is very difficult A test of paramount importance to 
determine the presence of pressure on the cord is the Queckenstedt 
test This consists of performing lumbar puncture below the level 
of the lesion, and measuring the pressure with a manometer The 
jugular veins are now pressed upon, thus causing a rise in intra- 
cranial pressure If there is no block m the spinal canal this wall 
be fairly rapidly transmitted to the manometer If there is a block, 
no change m pressure will occur, and the fluid withdrawal will be 
tinged yellow, and show a great rise m protein content (Froins 
syndrome ) If the block is partial the rise m pressure will be 
gradual, and it will subside slowly By this means a suspicion of 
pressure on the cord can be confirmed, and it is only in the presence 
of a positive Queckenstedt that operation is to be recommended 
Factors m the clinical progress of the case which may suggest 
pressure are the development of paraly sis after a stage of nnprov e 
menfc in an incomplete case If paraly sis occurs later in a case it 
may be due to fibrosis, or to cystic change in hemorrhage round 
the cord These conditions offer some hope of relief Operation is 
useless m complete cases and in incomplete cases which continue to 
improve 

We may sum up the indications for laminectomy as follows 

1 Immediate Compound, wounds, foreign bodies and bone 
pressing on cord Dislocations 

2 In incomplete cases only if improvement suddenly ceases 

3 If paralysis occurs later m the case 

4 For the rebef of sev ere root pain 

5 For suture of the anterior nerve roots in cauda equina lesion^ 

Prognosis In all cases of complete lesion it is very bad, as, 

if the patient does not die of the immediate lesion, he dies later 
from renal infection or pressure sores In mcomplete lesions winch 
do not make a good recov ery it is a httlo better, but it usually means 
that the onset of fatal complications is onlv dclaved In all cases 
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injutics, such tb otuu in a stampeded uoud of people tiding to get 
out b} a narrow out The elasticity ot tilt nb is o\ crcome, and it 
fractures at a point near the mglo as a rule, though m a feu cases it 
may break just lateral to the tubciclc The fragments tend to bou 
outwards, so the pleura usually cscipes damige When one rib is 
fractured in two places the frictmc near the angle is due to indirect 



* i0 “Ik Compitosmg tlio thoiax antero postcnoily to tcit foi fiuctuio 
of the ribs (bprmgmg tlio thoiax) 

violence, transmitted from the region of the dnect violence ulnch 
has caused the other fracture 

Muscular violexci from sneezing or coughing is a rare cause 
The fractures may be oblique or tiansverse, or comminuted 
^placement is as a rule slight Compound fractures, except those 
Irom gunshot uounds, arc rare 

Symptoms After a typical injury, such as falling and striking 
^ »o i side on the kerb, the patient complains of pam, uhjch is usu dl> 
oca ^ctl, o\ci one oi more libs The p im js inu cased bv inoie- 
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FRACTURES OF THE RIBS AND STERNUM 
Surgical anatomy 

The thoracic cage, which serves as a protection to vital organs and at .... 
same time as support for the bellows action of the respiratory muscles is 
extremely elastic particularly in the earlier years of life, and so resistant to 
injury Later on, os the costal cartilages calcify, the ribs also become more 
brittle, and the frequency of fracture increases The upper ribs which do 
not mol e much with the respiratory excursion, are protected by the shoulder 
girdle The lower ribs ha \o a protection from their increased mobility, 
particularly the last two, aptly named “ floating ribs ** Injuries occur most 
frequently to the fifth to ninth nbs, which have the greater respirator* 
excursion and so are more difficult to keep at rest 


Fractures of the Ribs 

Mechanism of fracture of the ribs Direct violence This is 
the most common cause, fracture occurring at the point of impact 
of the blow, and the number of ribs fractured depending directlj 
on the area of chest struck and the force of the blow The fragments 
tend to be dmen inwards, and so injuries to the pleura and the lung 
are more common than m fractures fiorn indirect violence 

Indireci \ iolencl This usually takes the form of crushing 
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ment, coughing, straining, and similar actions, and the patient may 
press his hands on the chest to prevent movement Bruising, local 
crepitus, and deformity may be found In thin people running the 
fingers along the ribs will give exact information In the obese 
an X-ray may be necessary to bo certain a fracture is present 
Auscultation may enable slight crepitus to be heard Compres 
sion of the thorax from spine to sternum (springing the ribs) will 
produce pam, localised to the site of fracture To these features 
may be added the features of complications, due to injury to other 
structures in the chest or abdomen 

Diagnosis This is usually simple Certain cases of spon-* 
taneous fracture from cough have been diagnosed as pleurisy 
or intercostal myositis An X-ray is usually conclusive, but in frac- 



Fio 219 Strapping tho chest Fio 220 The horizontal lay ere, 

completely Ihe vortical applied in expiration 

layers applied in inspiration 


tures in the mid axillary line it is necessary to have an oblique or 
lateral view , as they may not show rnanAP film 

Treatment ' This 13 often difficult to carry out satisfactorily 
though it is comparatively simple In fractures of the upper ribs 
the parts can be little further immobilised Rest m bed is all that 
can be done to supplement the natural rest of muscular spasm 
Below the level of the fourth rib strapping can be used To control 
the ribs satisfactorily it must bo remembered that the ribs have a 
hinged upward movement on the vertebral column, which at the 
same time increases the diameter of the chest Maximum rest can 
only be obtamed by preventing downward movement of the ribs, 
which is very difficult, by strapping passed over the shoulder from 
the twelfth rib behind to the costal margm in front, applied in 
inspiration Ov er this is applied a circular plaster w Inch completely 
surrounds the chest, and is applied in overlapping layers from below 
upw ards in expiration Fixation as firm as this can only bo tolerated 
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b> health} patients m whom it will give mucluehtf In patients with 
cardiac or respiratory diflicult} it cannot and should not be applied 
A compromise which aims at as much fixation as the patient can 
bear must bo armed at Sometimes i single 1 inch wide piece of 
strapping passed complctcl} around the ihcst at the site of fracture 
may be suitable, m others onl} one half of the chest can be strapped 
as prcMousl} described The umi of single st ictch strapping makes 
the patient much more comfortable than ordinary strapping In 
fat women the breast makes strapping awkward, and a tight binder 
may have to bo substituted 

The most troublesome fciture of frietuied ribs is often the pain 
and the mabiht} to cough In old people this maj be cxtrcmcl} 
serious, limiting the rcspintory excursion and interfering with rest 
It is best treated b} the mfiltrition of the fractmc h unatoma with 
novoeame, which is a xer} comforting procedure, and well worth 
keeping in mind in an} case m which pain is to the fore 

In more complicated injuries, wlicro several nbs are crushed, 
the patient is more comfortable in the sitting or lnlf sitting position 
m bed Strapping is contra-indicated particularl} if there is any 
depression of the ribs Compound fractuies are heated as com- 
pound fractures elsewhere It is particularly important to control 
a “sucking ” wound b} excision and suture os it interferes with the 
air entry into the lung Smnlarl}, in “ stove in ” chests, the free 
portions of the chest wall undergo paradoxical movements with 
respiration, and tins reduces the air entr} It is important that this 
free mass of ribs and muscle should be fixed without constricting the 
chest This can be done b} appl} ing eldstoplist ovci the side of the 
thorax and then covering this with a la}ci of plaster When the 
plaster sets the jjiobile portion remains attached by the elastoplast 
to the plaster Foreign bodies should not be lemoved immediatel} 
from the lung or deeper structuies in the absence of complications, 
but only if superficial m the chest wall 

Prognosis Rapid and satisfactory union occurs even m the 
untreated case m three to fiv e w ecks In a small percentage of cases, 
particularly m the old, tlieie is a troublesome pcisistence qf pam 
at the fracture site Its origin is difficult to determine, and it can 
only be combated by novocame injections and ph} motherapy Aftei 
some months it subsides 

In more severe chest injuries the piognosis is that of the 
complications present {q v ) 

Injuries to the costal cartilages These maj consist of 
fracture, separation at the cosfco-chondral junction, 01 at the chondro- 
sternal junction The history and symptoms are similar to that of 
ractured ribs, but the injui\ is localised avu it utihgt The 
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Fio 222 Fracture of the sternum accompany in e cr 
fracture of the second thoracic vertebra 



Fio 22 1 Lateral \ jew of a 
fracture of the sternum 
due to direct v lolence 


Fio 223 Fracture of the 
ribs A healing fracture 
of tho four upper ribs 
with early callus has been 
followed b> a recent frac 
ture of three of the same 
ribs more antenorlj 
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shows itself at the neck It w of serious import, and can only be 
given supporting and c\j>cct lilt treatment 

3 IIiMOTironw This is onlj of importance when of some 
amount, indicating th it an artery, citlicr in tho lung, or the internal 
nnmm irj , or an intercostal vessel, is ruptured Blood in tho pleural 
civ it) docs not clot, and c in bo c isilj aspir ited After tho h unor- 
rhage has stopped tins should bo done if there is any unount present 
in the chest in order to hurry resolution Difliculty arises m tho cases 
m which tho h emorrhigc continues, or there are symptoms of lung 
compression These should first be rehoved by aspiration, and tins 
followed by blood transfusion if tho patient is exsanguinated 
Should tho hamiorrhagc still continue operation must bo carried 
out Aspiration must bo tried first to be certain that the haemor- 
rhage has not ceiled as open operation is a risk not lightly to be 
undertaken 

■k PNtUMOTllOH IX Ma$ be due to a penetrating wound of 
the pleura or to a wound of tho lung In the open variety, tho 
free communication of tho pleural cavity with the air allows the 
lung to collapse, and air is sucked in and out the wound, often 
frothing up the escaping blood in the wound Such a wound needs 
to bo closed at onco with a wet dressing preparatory to its excision 
and suture to assure air entry into the lungs 

The closed variety of pneumothorax is unimportant provided the 
wound Lsnot of a valvular type, which allows the entry of air but 
prevents its expiration (tension pneumothorax) Such a condition 
is most commonly due to a wound of the lung, and results m a steady 
rise m intra plural pressure with marked mediastinal displacement, 
and much increased respiratory difficulty The discovery of such a 
condition demands immediate relief by needling tho pleural cavity 
and allowing the air under pressure to escape The needle may be 
left iri some tune if necessary to continue the decompression 

5 Traumatic cyanosis (asphyxia) This produces a dramatic 
coloration of the skm of the face and shoulders above the level of tho 
becond rib, together vv ith extensiv e subconjunctiv al haemorrhages It 
is due to , (I) A wave of back pressure in the veins of the chest, head 
and upper extremities, w hich are devoid of veins This occurs instan- 
taneously following a blow which may be of short duration, and is 
responsible for tho petechial haemorrhages in the skm and the subcon- 
junctival haimorrhages (2) These haemorrhages may occur on top 
oi a ejanosed condition of the skm, or alone Where ejanosis 
13 P res cnt it is due to a paraljsis of the skm venules, due to long- 
continued venous back pressure, and demands that the thorax be 
compressed for some minutes Slow compression of the thorax maj 
produce tins condition without petechia The normal tone is 
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X ray will not show the lesion except in cases in w Inch the cartilage 
is calcified Where there is an obvious costo-chondral dislocation 
it may be reduced by arching the patient's back over a pillow or 
the knee and getting him to take a deep inspiration Strapping is 
seldom required for these lesions 

Rarely union between the rib cartilages at the lowei costal 
margin does not occur or they aie separated by trauma, and a con 
dition of slipping cartilage develops, m which during muscular 
movements the lower cartilage shps over the upper one, producmg 
an unpleasant sensation and persistent local tenderness Excision 
of the cartilage undei local amcsthesia is a satisfactory cme 

Fractures of the Sternum 

These ire due either to direct violence or to hypeifle'cion o[ 
the spine The fractuie is usually transverse, and there is little 
displacement The sites most commonly involved are the centre 
of the bone, or the sy nchondrosis between the manubrium and body 
Rarely the xiphisternum is fractured from the body Displacement 
if present is due to flexion injury and should raise suspicion of a 
fracture of the spine The loner fragment is usually displaced 
forwards (Figs 22 1 , 222) 

Diagnosis This is usually straightforward, and is confirmed 
by a lateral X raj AP X-rays mil not show the lesion Where 
there is displacement the patient tends to w ilk in a stooping 
position 

TREAmbur In cases without displacement iest in bed till the 
acute pain lias gone, followed by strapping, is all that is required 
Where there is displacement it can be reduced by hyper extension of 
the thoracic spine Local anaesthesia may he uspd to relieve the 
pun w hile tins is being done 

Complications of thoracic injury 1 HAmoitvsis Tins 
indicates damage to the Jung, and the degree of haemoptysis indicates 
to some extent the site and size of the lung injury Thus a small 
amount of pink frothy sputum coughed up some hours after the 
injury indicates a small degree of peripheral lung damage, while a 
continued haemoptysis of dark blood occurring rapidly after the 
injury indicates rupture of a large vessel near the root of the lung 
It is to be remembered however that a serious injury to the lung 
may be present without haaraoptysis owing to the cessation of 

haemorrhage ^ith the collapse of the lung and the inhibition of the 

cough reflex by the patient on account of pain 

2 Scrgicat EiirnxsEWA Indicates perforation of the lung 
It settles down rapidly even if moderately extensive Rarely a 
bronchus may be raptwed with mediastinal emphysema, winch first 
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shows ltK'lf it the neck It is of ‘-enous import, and cm only be 
given supporting and cxi>cctant treatment 

3 Humothokw. 'Hus is onl} of importance when of some 
amount, indicating tint an arter}, either in the lung, or the internal 
nnmnnrj , or an liiUnost il vessel, is ruptured Blood in tlic pleural 
cavit} does not clot, and t in 1 >ccimI} uspintul After the h unor- 
rhage Ins stopped this should bo done if there is a 113 imount present 
m the chest in order to burr} resolution Diflicult} arises in the eases 
m which the h unorrhage eontmucs, or there are K}niptoms of lung 
compression These should first lx* relieved b} aspiration, and this 
followed b} blood truisfusion if the patient is exsanguinated 
Should the h unorrh ige still continue operation must be earned 
out Aspiration must lie tried first to be certain that the hxnior- 
rhage has not ceiled as ojmjii operation is a risk not lightly to be 
undertaken 

4 , PM.U310TH0R v\ Mn} be clue to a penetrating wound of 
the pleura or to a wound of the lung In the open vanet}, the 
free communication of tho pleural civit} with the air allows the 
lung to collipto, uul air is sucked in and out tho wound, often 
frothing up tlie escaping blood in the wound Such a wound needs 
to be closed at onco with a wet drc—ing preparatory to its excision 
and suture to assure air entr} into the lungs 

The eloped variety of pneumothorax is unimportant provided the 
wound is not of a valvular t}pe, which allows the entry of air but 
prevents its expiration (tension pneumothorax) Such a condition 
is most commonly duo to a wound of the lung, and results in a stead} 
°se 111 mtra plural pressure with marked mediastinal displacement, 
and much increased respirator} difficult} The discov er} of such a 
condition demands immediate relief b} needling tho pleural cavit} 
and allowing the air under pressure to escape The needle may be 
e m some time if necessary to continue the decompression 

0 Traumatic cvanosis (asph}\ia) This produces a dramatic 
co oration of the skm of tho face and shoulders abov e the level of the 
second rib, together w ith extensiv c subconjunctiv al lixinorrhages It 
ue to , (i) A wav e of back pressure 111 the veins of the chest, head 
upper extremities, w Inch are dev oid of v eins This occurs mstan- 
aneously following a blow which may be of short duration, and is 
responsible for the petechial haemorrhages in the skin and the subcon- 
Q £ C lva ^ hemorrhages ( 2 ) These haemorrhages may occur on top 
a a c i a nosed condition of the skm, or alone Where c}anosis 
^ 13 ^ ue *° a P ara l> sls of the skin venules, due to long* 
co Uluet ^ 'enous back pressure, and demands that the thorax be 
protf reSSe< ^ ^° r sonie minutes Slow compression of the thorax 111a} 
Uce ^ na condition without petechia* The normal tone is 
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restored to the skm capillaries and venules in three to five days, the 
“ blue ” discoloration fading without intermediate pigmentary 
change This leaves the petechiaa more distinct, when present, and 
these fade with the usual colour changes of a hsematoma in ten to 
twelve days 

Treatment The cyanosis being entirely peripheral no treat 
ment to the chest is of a\ ail in clearing it up Oxygen may, however, 
be required for the damage to the lung associated with such a lesion, 
which may be a contusion or mild pulmonary oedema 

A most important feature of the condition is the occurrence of 
retinal hemorrhages and optic atrophy, which not infrequently 
follow 

6 Contusion of thf heart Bruising of this and other 
mediastinal structures is first shown by severe shock and precordial 
pam More severe injury may rupture the heart or great vessels 

7 JUssrvE collapse of the lung This may follow other 
injuries, and the pathology is not clear The Jung is collapsed but 
there is a negative pressure m the thorax and the mediastinum is 
deviated to the side of the lesion It can best be diagnosed in the 
X-ray as the clinical signs are often confusing Cyanosis may occur, 
and for this CO 2 and oxygen may be giv en in an endeav our to expand 
the lung Tiie condition settles down of its own accord in one to 
three weeks 

8 Ruituke of the LivtR and spleen These injuries may 
occur without fractures of the ribs, but fractures of the lower ribs 
should put one on guard, so that an intra abdominal haemorrhage 
is not overlooked 
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CHAPTER XIX 
THE CLAVICLE 


Anatomy Development lust bono to appear Lmd down m mem 
brano bone, ossification commencing m tho centre of tins at two centres in 
the sixth week Tho two ends uro laid down Inter m cnrtilngo (probably 
indicating tho fusion of two morphologically distinct bones) but ossification 
spreads to them from tho pnmnrv centre Ono secondary centra for tho 
disc of bono on tho sternal articular surfneo nppuirs at 20 and mutes at. 
2*> y cars of age It is completely intiaciipsiilar 

Xho bono is S shaped, with two broader and stronger ends, and a weakness 
at tho junction of tho outer third and middle third, duo to 

1 Groove for tho subclavius 

2 Alteration m tho internal architecture of tho bono 

3 Junction of two curves 

4 Foramen for tho nutrient artery 

An clastic rod broken by compression tends to break near its centre, and in 
v 


r 


Fio 225 Tlio acromial end of tho claviclo 
A Section of tho claviclo B Conoid 
ligament C Trapezoid ligament D 
Coracoid process E Sloping surfaces of 
the acromio clavicular joint h Section 
of the acromion 

the caso of tho claviclo, tho w cak points above determine tho site 1 ho double 
curv o of tho claviclo is important as it increases tho elasticity of tho bono, winch 
»s io only bony bridge connecting tho superior extremity with tho trunk 
ttachmcnts Ligaments are moro important than muscles, winch aro 
10 e R°id, stcrnomastoid, subclavius, pectorahs major, and trapezius 
Ligaments Sternal end 

Intra articular fibrocartilage, bound to tho upper surface of tho clavicle, 
and lower aspect of tho sternal joint 
apsulo, reinforced by fibres of tho stemo mastoid 
lnterclavicular ligament 

Rhomboid ligament Very strong, attaching tho claviclo to tho first rib 
igaments Acromial end 
Coracoid ligament \ 

Trapezoid ligament J "ttachmg clavicle to the coracoid process 
These form tho mam strength of tho coraco acromial joint pulling 
1 own the oblique articulating surface of tho claviclo which would 
otherwise tend to ndo up 
Joint capsule, reinforced a little above 




Ho 224 Tho sternal end of tho 
clavicle A Manubrium ttemi B 
Intra articular fibro cartilage C 
Rhomboid ligament D Fin>t rib 
E Sternal end of tho claviclo 
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Relations Arches over the important structures passing from the thorax 
and neck to the axilla, which in spite of their position between two bones are ^ 
seldom injured ' i 


Injuries to the Clavicle 

1 Fracture at the junction of the outer and middle tlmd 

2 Fracture of the acromial tip lateral to the tr apezoid ligament 

3 Fracture of the acromial end in the region of the conoid and 
trapezoid ligaments (Rare ) 

4 Fracture of the sternal end 
(Uncommon ) 

5 Separation of the epiphysis 
(Very rare ) 

Type of injury Direct \io- 
Fxg 220 The fracture bites m the LENCE From bars falling on the *< 
clavicle (The numbers correspond shoulder and the like Produces 
to those in the text ) . 

any of the above fractures, and 

is the only type of injury which may produce commmution and 
damage to vessels and nerves 




227 l racturo at the j uiu tion of the outer and middle third of the cla\ iclo 
showing well the usual downward and medial di placement of the outer 
fragment and the shoulder 
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v Indirlct violi nci bortc is transmitted tluough the extended 
' wm or from the elbow, or perhaps more frequently from a fall on 
the shoulder Fracture occurs at the weakest point, the type 
trying with the ago of the patient 

Greenstick, in children up to the age of ten 
Compression, oi infiat turn fr ictmc In children K in 
Complete, in adults, at classical site 
Fracture is most compion in cinldrcn In spite of the sub- 
cutaneous nature of the bone the fracture is nearly ilways simple 
Damage to nearby struetuics is rare The br icln il plexus is seldom 
injuicd Paralysis, if it occuis, is always temporary, md little 
good is to be done by intci feionee, so such injuries ue left alone 
The subchmn irter% is i irely injuicd, tlie subclavian \cm more 
f- frequently 

Fracture of the shaft 1 Compression Ocuus in the young 
under six years There is complaint of lucil pam, and a swelling 
may be palpable X ray shows the bone mt ict, but a slight swellmg 
near the weak point, and an alteration m trabecular lines The 
child can use the arm, but is lcluctant to do so 
Treatment (See below ) Sluig 

Two singlet method 

2 Green stick Fcatuies similar to compression fractures, 
from which it is distinguished by the presence of angulation, and a 
little more pain and disability Local bruising is often absent 
Local pam, and reluctance to use the arm, and local tenderness are 
found If in doubt the X-ray confirms the diagnosis 

Treatment Figurc-of eight bandage and sling, or sling alone 

3 Complete Break tends to be oblique or spiral, with finely 

jagged ends if due to indirect violence, the line of tlie fracture 
running forwards and medially In direct violence it tends to be 
more transverse * 

Displacement Outer fragment The weight of the shoulder 
pulls it down Pectoral muscles pull shouldei medially and forw ards 
Inner fragment Fixed by the pull of the rhomboid ligament 
and tho sternomastoid, which may tilt it a little upwards 

As a result of this the medial fragment overrides the lateral, 
which lies a little below and medially displaced (Fig 227) 

Symptoms and signs Arm on tlio affected side is rendered 
powerless 


Patient supports the elbow with tlie opposite hand (as he will 
k or ot ier “actures of the arm and shoulder) 

Head is uiclmcd to the affected side to relax the sternomastoid, 
md tho trapezius 

Local pain, tent icme^, Imnamg and difuimiu 
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Crepitus is usually felt 

Shoulder may be higher or lower than on the uninjured side, > 
depending oil the amount of muscle spasm m the trapezius 

Fracture of both clavicles Rare Due to crushing injuries 
Both arms are powerless, and their weight on the thoracic cage may, 
together with the loss of the accessory muscles of respiration, cause 

acute respiratory em- 
barrassment m elderly 
people 

This can be treated 
with bilateral abduc 
tion splints, preferably 
light and made of such 
a material as Cramer h- 
wire (Fig 101) This 
frees the thorax and 
the patient can be sat 
up Two arm Thomas 



Fic 228 Figure of eight method of drawing tho 
shoulders back, using two triangular bandages 
knotted behind The cioss bandago in front is 
necessary to pre\ ent slipping o\ er tho shouldei » 


splints have been used 
if the patient must be 
nursed recumbent 
Treatment of com- 



Fia |_229 13ack ^ ie\v of the figure eight bandages 


plete fractures of the 
clavicle The multi 
phcity of methods in- 
vented indicates that 
none are uni\ ersally 
used, or completely 
satisfact ory Tho v ' 
results are good as far as 
function is concerned, 
whichever method is 
employed, but there 
may be a marked over- 
lap, and a mass of sub 
cutaneous callus, which 


is unsightly Non union is almost unknown (Fig oOa), and when 
fibrous union occurs, the functional iesult 13 quite satisfactory 
All methods of treatment depend on increasing the distance 
between tho two ends of the clavicle, by 

1 Drawing the shoulder backwards 

2 Drawing the shoulder outwards 

3 EIe\ atrng the shoulder 
or combinations of these methods 
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Tiio moat suitable treatment depends largely on the age 
Betweiv om to toini \j \ns A cJnld docs not require mote 
than a sling, but wriggles out of this A suitable method of reten- 
tion, if the mother is helpful, is to get her to put tuo singlets on the 
child, one under the arm uul the other over it, and sew the two 
together around the arm and hand, while the hand rests on the 
opposite shoulder This Ins tho advantage of lonmming m place 
however much tho child wriggles, which very few othci methods 


lmc at this age 

Betwfi-v iouk to n v \i vns The figmc eight .ippheation 
of the three lnndkerclnef method will be found most sitisfictory 
Two triangular b indnges aie folded ovet some lint to nuke some 


extra padding till they form two 
bandages about 2 inches or moic 
wide These are put around each 
axilla, and then tied crosswise 
at tho back, thus pulling the 
shoulders back In small children 
this is all that is necessary, but 
in larger children and in adults 
it is necessary to pull the two 
axillary rings nearer to the mid 
line, by a bandage pinned across 
tho front This prev cuts the i ings 
slipping over tho acromial process, 
but draws the point of pressure 
nearer to the fracture site 

Adult methods Reduction 
Tins may be made after the 



FiG JlO Reduction of a fractured 
cla\ iclo ov cr tho fist in tho axilla 


injection of a local anaesthetic, or without it in many cases, by 
putting the fist in the axilla and levering the arm to the side over it 
It can also be made by placing a knee against tho back and pulling 
both shoulders back over it Slow reduction may be obt lined by 
letentivc ipparatus, which is duly tightened Tins is probably 
the best method, as, after lcduction, most fractmed divides tend 


to sbp back to their original position 

Retention 1 Bed, with a pillow’ between tho shoulders 
Unnecessarily tedious Wheie the minimum of callus and deformity 
is required this can be obtained by an abduction splint 

2 Abduction splint Applied as for fiactures m the legion of 
the neck of the humerus, with extension on the upper aim All 

isplaccments can be coirected by tins method, but it lequircs 
constant supervision and is clumsy 

3 Sayre’s method Pad m axilla Strapping is passed around 
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the arm, with the adhesive side out, and fastened to the back, so 
drawing the whole arm backwards An oblique strip split over the 
olecranon is now passed from behind forwards, over the elbow, and 
up along the forearm to the opposite shoulder By tlus means the 
elbow s is carried forward and the shoulder levered up and back It 
is a useful temporary measure, but it tends to slip, is uncomfortable, 
and makes the skin sore after a time (Figs 231, 232 ) 

4 Wharton Hood’s method Direct pressure on the fiacture 
with strapping passed from below the scapular of the opposite side 



loo -’>11 & tty 10 * method Tho fii»t lajcr 

TllO Strapping applied sticky tido out to 
tho arm ma^ bo brought completety aiound 
tho chest and over this again 



1'iC 2J2 Suyio s method Second 
Ja> er A pad placed betw ecu tho 
hand and tho chest makes tho 
patient more comfortable ISote 
nUo the pad o\ cr the olecranon 


over the shoulder, to below the nipple of the opposite side Provides 
no fixation, hut some support 

5 H 0 Thomas’ strapping, as used for dislocation of the 
acromio claviculai joint (see p (504) This ste idics the clavicle ind 
supports the weight of the uni md is is simple anti effective is m> 
uthei strapping inetliod 

6 Bohler’s clavicle splint Consists of i thick wooden viedgo 
m tho axilla, combineil with local pressuic from a strip over tho 
fiacture, and an attached pica to which the fore uni m i} he fieri 
if necess uy It i> t\t client in imdiuiical jn maple, hut the wedge, 
even if padded pioduccs unpleasant picssuic effects, md the whole 
apparatus is clum**} It is valuable m allowing free shoulder 
movements m the iged, wlnth is necessary to avoid i stiff 
shoulder 

7 Artificial clavicle In tin*, method two malleable aluminium 


233 Bolder »cla\icle splint, showing thowooih 
< wedgo for tho axilla anti forearm bni 


b 10 214 UohlciM clavicle splint 

applied Xoto axillary padding 


plates luted with felt ire fitted o\cr tlie anterior aspect of the point 
of each shoulder These ne joined interiorly by an adjustable bar, 
and held in position posteuorly by flat straps crossed at the mid-line, 
and a wider strap joining' both lowci ends belnnd By adjusting 
the length of the bar in front, and the tension in the straps posteriorly, 
the clavicle can bo manipulated into good position and retained there 
The absence of apparatus behind enables the patient to sleep on the 
back, and there is freedom from pressure on the fracture site, 
anteriorly, while the sliouldei can move freely (Fig 23 o ) 



- fiunvwuvt onui.jjjy lUUtlUjUblUUlU uur, unu 

jno curved metal shoulder capj which do not prc->a on tho broken 
«>ono Back \iew showing tho alienee of nppaiatin tlnn enabhne 
the patient to bleep in comfoit 
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Fractures of either end of the clavicle The acromial th 
T ins is nearly always due to direct violence If the eonoi 
and trapezoid ligaments are intact there is little displacemen 
and the mam complaint is local pain, which can be relieved by 
sling, or, more certainly, by Robert Jones’ strapping, winch takt 
the weight of the limb off the injured pait Immobilisation is onl 
necessary till pain on abduction of the arm is absent When tin 
lesion is combined with rupture of the conoid and trapezoi 
ligaments, longei rest is required (see page GO 1 )) 

Fracture between the conoid and trapezoid ligament* 
The cla\ lcle is broken by depression of the shoulder and bending c 



I |r J3I> Fracture of the outer end of tlio claviclo 


tile bone ot er the coracoid process The conoid and trapezoic 
ligaments maintain the fragments m position, and it is onty necessary 
to support the weight of the arm b^ a sling or Robert Jones method 
Fracture at the sternal end Due to indirect violence It 
is rare that the rhomboid ligament is torn, and when tins occurs 
there is usually other severe damage as well Unless this ligament 
is torn the displacement is slight, and a sling is sufficient to 
take the weight of the arm till healing has occurred An interesting 
complication is surgical emphysema which may occur from injury 
to the lung It settles down readily A 

H 0 Thomas’ method (often called Robert Jones’ method) 
Application The strapping is ipphed firing from below the inferior 
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angle of the scapula of tho opposite side, o\ cr a pud of felt, placed as 
near the root of the neck as possible (to a\oid pressure on the 
acromion) down the anterior aspect of the arm, firmly around a pad 
placed over the subcutaneous border of the ulna, and then up 
behind, and soioss the upper pad, ending under the nipple of the 
uninjured side It is important that the strapping be crossed as far 
medially on the neck as possible so that the weight falls on tho 



lie 237 Robert Jonc3 strapping correctly applied on the 
left shoulder incorrectly on the right 


medial end of the clavicle This method is particularly useful for 
acromio clavicular dislocations, and the pad must leave the joint 
just clear at its outer edge to be sure no pressure is applied to the 
acromion In fractures of the outer end of the clavicle this is not so 
important, as the fragments are usually in good position and only 
require support The illustration exaggerates the common faults in 
applying this method 

1 Too thin strapping 

2 No felt pads / 

3 Strapping crossed too laterally over the acromion 
The strapping works loose every four days or so and it must be 
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tightened up, which is done with least discomfort to the patient 
by passing a new stop over the old one 

Length 01 immobilis ition In compression and greenstich 
fractures in the young it need only be continued till they are free 
from pain Recov ery is often only a matter of days In young 
people up to twenty, three weeks’ rest is sufficient, and over tins age, 
depending on the amount of pam when free movement is attempted, 
four to fi\e weeks It is not suggested that m the old complete 
nnmobihsation is continued for tins time Their gieatest danger is 
stiffness of the* shoulder, and as soon as possible acti\ e and passu e 
movements of the joint should be commenced They will probablv 
need some support for the arm such as a sling for this period Bony 
union always occurs in the young In adults firm fibrous union is 
satisfactory 

Complications 1 Excessive callus Due to inadequate fixa- 
tion, comminution, or poor reduction Can be removed later by 
open operation if unsightly , but cue must be taken to a\ oid adhesion 
of the scar to the bone 

2 Pam over the distribution of a supraclavicular ner\e Very 
rare, and due to involvement of the nene m sear tissue It may 
require section of the nerve m the supraclavicular triangle 

3 Cervical rib syndrome Some features of pressure on the 
inner cord of the plexus may be caused by a dropped shoulder with 
gross inal-umon Reconstruction of the fracture, and resetting, or 
excision of part of the first rib may be necessary to relieve it 

4 Stiffness of the shoulder This is perhaps the most common 
and serious complication, due to neglect to exercise the shoulder 
joint, which is frequently bruised in the accident If movements 
of the shoulder are neglected, particularly m the old, great disability 
may follow All cases should therefore be encouraged to move the 
supported arm daily, and as soon as pain has subsided to exercise 
the shoulder carefully Retentive apparatus allowing the greatest 
freedom of movement should be used, the most suitable being the 
artificial clavicle 
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CHAPTER XX 


FRACTURES OF TIIE SCAPULA 

Surgical anatomy Hio scapula is so well protected by inuscLs, and bo 
well supported by tho thorax, from which it is cushioned by tho sorrotus 
niagnus and tho Mibscapulam, that fracture is uncommon considering tho 
size of tho bone fho closo attachment of muscles scr\ es to limit displacement 
and muimuso Immorrlmgo No importuut stincturos being closely related, 
complications aru uncommon 

fho only dot elopmcntal fact of impoitanco is the occasional failure of 
union of tho acromial centres with tho spmo, which may ho thought to bo a 
fracture, but may bo excluded by an X ray of tho opposito side, as may most 
developmental anom dies of bones which aro almost um\ crsally bilateral 

Mode or ixjunx Injunis fall into two bio id groups, those to tho 
processes of tho bono, and those to tho body Dncct violence is likely to 



Fia 33 H T/io sites ofhuctuio in the 
scapula (Tho numbers cone*, 
pond to those in tho test ) 



bia JJO Tho mtes of fracturo 
in the scapula around tho 
glenoid (Tlio numbers 
correspond to those m the 
toxt ) 


fracturo any process, or tho body Indirect violence transmitted along the 
arm tends to fractuio tho region of tho glenoid, but may fracturo tho body 
b> buckling it 


4 


Sites of Scapular Fracture 


1 

3 

4 
6 


llie body, including the upper and lower angles 
The spme of the scapula 

The acromion (a) Medial to tho aciomio clav iculai joint 
(6) Lateral to the acronuo clavicular jomt 
The neck of the scapula (Anatomical ) 

The glenoid and coracoid (Surgical neck ) 

The coracoid 
The glenoid maigm 
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Fractures of the body Fracture is more frequent in the lower 
half of the body, and may be fissured, stellate or irregular Owing 
to the fixation by subscapularis and mfra-spznatus displacement is 
small There is a tense even sn elhng below the infra spmatus fascia 
Clinically there is a story of local inj uty (rarely indirect) and pain 
There is difficulty in raising the arm, w hich is very variable Tender- 
ness and crepitus may be elicited by grasping the lower angle of the 
scapula and moving the arm In thin subjects the axillary border 
and vertebral border may be palpated In fatter subjects the bone 
may be brought nearer the hand by elevating the shoulder and 
pushing backwards with the fingers in the axilla 

When the fracture is due to severe direct trauma, such as a blow 
or a bullet, fractured ribs and chest complications may be seen, 
otherwise they are rare 

Treatment This depends largely on the amount of pain, which 
is related to the se\ erity of the lesion Fixation being good, move- 
ment 18 to be encouraged as soon as it can be borne In mild cases 
a sling for a week is sufficient In more se\ ere cases this must be 
supplemented by some form of strapping of the chest, including the 
infra spinous portion of the scapula, and possibly the bandaging of 
the arm to the side over this The time of retention vanes from 
one to three weeks, and then a sling is substituted, which is worn 
for a corresponding shorter period Movements of the shoulder 
are to bo encouraged as early as possible Very rarely there is 
overlap of the fragments, and this must be corrected by forced 
abduction of the arm, with the fingers on the axillary border to 
manipulate the body 

Fracture of the spine of the scapula Tins can sometimes be 
detected by its mobility in thin patients It is often associated with 
fracture of the body, and the treatment is similar 

Fracture of the acromion Due commonly to falls on the 
shoulder 

(а) Medial to the acromio clavicular joint Fracture at junction 
of the body and spine 

(б) Lateral to the acromio clavicular joint Fractme across the 
broad acromial process 

In this latter case there is little displacement, and merely local 
tenderness, an X-ray usually being necessaiy to identify the fracture 
The treatment is to carry the arm in a sling till pain has subsided 
Shoulder movements are commenced early to avoid stiffness 

In the first and more serious cond tion we have a lesion which is 
comparable 'nth acromio-clavieular subluxation Usually the 
coraco-davicular ligaments are intact and there is little displacement 
jwo to three weeks rest in a sling will usually bo sufficient treat- 
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mcnt Should tho coraco-clavicular ligaments be torn tho scapula 
will «upk down, tho condition then being comparable to acromio- 
clavicular dislocation, ami as tho liginunts are slow in heiling moro 
prolonged and firmer bupport by Robert Jones’ strapping will bo 
necessary In inan\ people the damage to the ligaments maj bo 
shown by calcification occurring in them as the} heal 

Fractures of the anatomical neck of the scapula These occur 
just behind the glenoid They arc almost unknown, and the treat- 
ment that of fracture of the surgical neck 

Fractures of the surgical neck of the scapula These occur in 
a line running from tho supra scapular notch to tho infra glenoid 
tubercle Tho two fractures arc similar in origin and effect, except 
that in tho latter tho irm is also deprived of the support of 
the coraco-braclnalis, which is attached to the coi icoid There are 
two varieties of tho lesions, depending on the sev enty of the accident 



ild - II t racturo of the coracoid process 

In the minor typo, in which muscles and ligaments .no not tom, 
there is little displacement and the lesion may be difficult to 
recognise Some pain on movement of the shoulder and pam on 
pressure high m tho axilla may be all that is found Such cases 
require support for the arm for two to three weeks by a sling 
Shoulder movements are actively encouraged, and it tho end of six 
weeks there should be little disability 

In the more bevere group of case** tearing of ligaments ind 
crushing of bone allows the arm to be displaced medially , and to diop 
downward The lesion may thus resemble a dislocation of the 
shoulder, with loss of movements., prominence of the acromion, ind 
flattening of the deltoid, but there is no fixation of the ai in Cicpitiis 
is usually easily elicited and this emphasises the necessity foi 
an A. ray Other suggestive findings are the eisc with which the 
par s are replaced and the immediate recurrence on removal of 
support In this the condition resembles dislocation of the shoulder 
1 complete separation of the musculo tendinous cuff 
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Treatment In the absence of comminution of the glenoid 
cavity this fricture may be treated with the aim at the side if 
elevation of the humerus restores the parts to position It is slung 
by Robert Jones’ strapping over which a circular layer is applied 
to keep the arm at the side Careful watch must be kept for 
redisplacement 

Where comminution of the glenoid is present, or upward pressure 
on the humerus fails to restore the parts to normal position,, it is 
necessary to treat the arm in the abducted position A simple 
extension frame attached to the side of the bed is more satisfactory 
than a Thomas arm, which is uncomfortable and tends to displace 
the pirts Traction, as shown in Fig 114, with G to 10 lbs weight 
is applied This is maintained for two to four 
weeks while physiotherapy is also earned 
out In se\ere cases some limitation of the 
shoulder movements must be expected, and 
the likelihood of this increases rapidly with 
age 

The coracoid Rarely fractuied Injury 
is due either to direct violence from which it 
is well protected, or muscular violence, which 
is usually forced abduction, which overstrains 
the pectoralis minor, or coraco-brachiahs 
Displacement is small, and Robert Jones’ 
strapping applied over a pad of adhesive felt 
placed over the coracoid for a week is all that 
is necessary (Fig 241 ) 

Fracture of the glenoid Simple chip frac 
tuies, due to indirect violence, or tire pull 
of the long head of the triceps (Fig 242), are 
usually not displaced, and can be treated by 
i pad m the axilla and sling with a circular bandage over it for 
seven to twelve da>s and then slowly increasing the movements 
allowed, fust with the uni in the sling and then without 

Comminuted fractutes usually accompimed by othei fi tetnres 
must be treated bj traction is described above to avoid adhesions 
to the glenoid surface This is maintained for three to live weeks, 
and then active exercises slowly commenced During tins peuod 
missive, fuuhsin and must Je- tensing exercise^ no kept up to 
prevent w istmg and ud in avoiding stiffness of the joint 
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CHAPTER XXI 

FRACTURES OF THE HUMERUS 


Surgical anatomy 

Development The primary ccntro for the shaft appears at the end of the 
seventh week Secondary centres for the head appear as follows 

Head First y ear 1 Unite about sixth year, and fuso 

Greater tuboio'ity Third year \ with the shaft at twenty to 

Lesser tuberosity Fifth year J twenty five years 

Secondary centres for the lower end appear as follows 
Lateral condyle Twelfth year l Unite about puberty, and fuso 
Capitollum Third year J- with the shnft about seventeen 

Trochlea 1 onth vear ) years 

Separated bv a pioccss of tho diaphy ms fiotn the, 

Medial epicondylo Sixth year Fuses with shaft about eighteen 
years 

Upper end From the point of \« u of fracture? tho internal architectuio 
of tho bono is a more important guide to tho sito of fracture than either tho 

anatomical or surgical neck 
It is now realised that fractures 
cannot bo classified into fiac 
tures of ono or other neck 
Reference to tho illustration 
showing tho bonv structure of 
tho upper end of the humerus 
will make this clear Tho weak 
lme in the bone, t e , tho hno 
through cancellous bone, join 
mg tho upper ends of the com 
pact bone of tho shaft lies 
midway between the anato 
mical neck and the surgical 
neck A fracture through tho 
anatomical nock is a fracturo 
through cancellous bono and 
tends to be of the crushing or 
impacted typo A fractuio 
through tho compact bono of 
tho surgical neck is difficult to 
produco, tends to bo trans\ erse, 
and resembles a fracture of tho 




pi a .*43 Diagram illustrating the fracture sites 
at the upper end of tho humerus Tho arrows 
indicate tho surgical and anatomical necks 
Tho dotted Uno indicates tho junction of tho 
compact bone of the shaft and the cancellous 
bono of tho head while tho straight fines indi 
cato tho more common directions of fracture 
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shaft It is due to direct 
violence In practice any in 
jury is likely to bo ono of 
compression combmed with 
lev crave and tho tendency 
is for tho cancellous tissuo of 



IJUldUltLN 01 T1IL JIlDIEHUb 101 

(Iio heat! to bo lovcrul ovir and pushed down on tho st rongcr tissue of 
tlio slmft 

Tlio nttiulimiut of tho eapMiloof the shoulder joint follows tho anatomical 
neck, except podi uoily win 10 it poxsn a httlo lower clown following tho 
mscitiou of tho lues minor, mid so come * to overho tlio ipiphjseal line, 
miking a Mind] portion of the <hnph\ sis mtiitcnpaiihii In tho specimen 
show n in tho photograph tho almost obhtciuted ipiphjseal lino ina> bo seen, 
and it shows how t ho conu al head sits on tho pyramidal end of tho humeral 
shaft, thus render mg cpiph\ .s« nl sipaiation unlikely It will ho noted 
that tho <piph\sud lino his shglith cnimai to tho lino of weakness in tho 
hone 

Shaft Tho shaft of tho humerus is of tho typical cylmilucal build of 
tho long bones, showing kjiiio tluekc mug for tho insertion of tho deltoid on 
its outer aspect, running up from its mid point It becomes triangular below, 
where tho modi it and lateral suprucoiidy tor ridges develop, which increases 
its resistance to t runsv erso stinin but weakens it to blows from in front and 
behind Tho relationship of tho radial nervo winch winds around tho bono, 
lung in contact with it for a short course nbo\ o tho mid point, must bo noted, 
and tho close attachment of tho brnchinlis anticus to tho anterior aspect of 
tho bono remembered 

Lower end Iho irregular stinctiuc of tho lower eml piovidcs a number 
of lines of weakness in tho bono winch is reflected in tho variety of fractures 
met with Tho prominence of the medial cpicoiuly lo grooved by tho path of 
the ulnar nerv e must be compare d w itli tho strongei lateral condylo on winch 
the epicondy le is much Uss prominent 

FRACTURES OF THE UPPER END OF THE HUMERUS 

Genera] It has aheidy bean shown that the fractures of the 
upper end of the Humerus cannot be classified on an anatomical 
basis, but must be consideied on the basis of internal architecture 
Fractures most commonly occur at the weak line previously men- 
tioned, but they may run obliquely so that on one side tho fracture 
is through compact hone and on the other through cancellous bone 
Because adduction is hunted by the body abduction zs much more 
commonly the position in which strain is transmitted to the shoulder 
from falls on the hand or elbow From the structure of the bones 
it will be obvious that this results m a compression strain on the 
inner aspect of the hone, and a bending strain on the outer aspect 
of the shaft This results in a fracture of the outer compact layer, 
^nd then a folding of the head over the sharp end of the compact 
bone Owing to the curved natuie of the compact layer on the 
inner aspect the strain is more evenly spread here, and the head 
ends to fold over on this as on a hinge The opposite mechanism 
in the adducted position is much rarci , but accounts for a small 
percentage of fractures Fractuies of tho upper end of tho humerus 
en on the whole to show little displacement ow mg to this tendency 
o impact, and owing to the numerous tendinous insertions prolonged 
°wn ie neck of the bone Fiequently neither abduction nor 
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adduction can be recognised, and a film m the abducted position f 
■n ill show angulation open anteriorly or posteriorly (Figs 231, 252 ) ' 

Fractures at the level of the surgical neck are through compact 
bone and do not show that tendency to be impacted which is charac 
tenstic of fractures above Displacement heie may be classified 
into adduction or abduction of the head on the A P film, but this 
does not as a rule fully describe the position The short scapular 
muscles tend to abduct the upper fragment, while the pectoralis 
major, Iatissimus dorsi, and teres major tend to adduct the lower 
fragment The deltoid and arm muscles tend to produce shortening 

Type op violence Tins is most commonly indirect from falls 
on the hand or elbow Direct violence tends to produce an un 
impacted fracture Occasionally muscular pull may be responsible 
for fractures of the tuberosities 

Classification It will be seen that there is no satisfactory wa> 
of grouping all fractures of the upper end of the humerus, so for 
purposes of discussion and record a clinical classification is 
lecom m ended 

1 Complete fractures of the upper end of the humerus Tend 
to occur below the weak line, through compact bone, oi bo com 
minuted 

2 Impacted fractures of the upper end of the humerus Occur 
through or in the region of the at eak line 

3 Fracture dislocations of the humerus 

4 Separation of the upper epiphysis of thelfcmerus 

5 Fractures of the greater tuberosity -*■ 

0 Ligament traction fractures (fractures of the lesser tuberosity ) 

It is to be noted that compound fractures m this region aie raie 

Complete Fractures of the Upper End of the Humerus 

Sitl The common site has been described alieady, together 
with the characteristic displacement The fracture may be com- 
plicated by gross comminution or dislocation 

(Symptoms ind signs There is a complete inability to use the 
arm, which is usually held b> the opposite hand to prevent displace- 
ment Pam is severe A hematoma rapidly collects below the 
deltoid, and manifests itself bv staining of the skin appearing at the 
lower border of the deltoid m i short time 'Later the Ji ematoma 
tracks down the arm to the elbow The shoulder appears moie 
rounded and swollen If tlieie is displacement, the deltoid iinj 
appear flattened in its lower part, but there is not the emptiness 
below the acromion characteristic of i dislocation The whole arm 
can be displaced medially (false motion) and crepitus readily 01101101 ! 
The anterior axillarj fold ma> Ik. deepened Shortening is present, 


MtuniuiLs ov iiii; jiumukus 


lot 

as mci^uictl fiom (he .mom ion to (lie external condole TUe-s-opjc 
Wcmcnt confirms whit is usuity a simple diagnosis The 
avillm and radial uc.r\ is uc siimtinus injured and the examination 
dioultl include tests for tins 

The differential diagnosis is fiom the otht i fr.u tints m the region, 



Fie 214 Complete frartum of tho upper etui of t lie humerus X rnjeel m 
abduction 

including the fnctuics of tho glenoid and neck of the scapula, and 
dislocation (q p ), and p, usuallj simple 

X-r In all c ises of fractuie m the shoulder legion, the usual 



f . ^E!*° '. arwu ‘ t positions of tho humerus in relation to the scapula 
which may bo u* e f u i m Oitlxenlt fiactures — 

n AuI M ! l0n Q,u * t ' xtern « 1 rotation ( Pol u email stop position) 
i '! n ! ,0n a,1<1 nou trul rotation it/ 

I) aml 1 uc ' l{,ul rotation (hand pointing foi « aid-.) 

' » “"I 1 mtc,n * 1, rotation (In the thora< o biucinal 

arm a* 1 !, 0 . * ,,,,d " a V bt »««« C Utld D .s Used— With the 

1 \ll 1 a r ta,) fe c,,t to tho client ) 

and ,otati ° n (z,n ° { ‘ 

be *>y V 1.1... ... thcl.tM.vl 

painful should be obtamedVft ‘ ° an “ abtIucted >f 

under ti.e inllucnco of " ft , er tllc In J ectlon of loca > anawthetic or 

™ ®»‘ 19 ' er > “p”^ 

■dura gm., d.,placem^rm the W 1 f '” ent 11,0 A P P lcture “‘ a J' 

1 “demerit in the later-il Men (F.gn SSI, 252 ) 
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Treatment In many cases there is no displacement, or vet 
little, and these cases can be retained in position by any of tl 
following methods preferred Where there is displacement it mu 
be reduced by manipulation Whatever the displacement, the mo, 
import mt manoeuvre is that of traction in abduction, w Inch may 1 
applied by traction on the forearm (In uncompleted fractuies 
pm in the olecranon is unnecessary ) This is accompanied by man 
pulation of the fragments by the fingers m the axilla, and varyir 
degrees of rotation till the position is felt to be satisfactory It 
conveniently done under a screen if X rajs are available A fe 
fractures in which the upper fragment is adducted may require firi 
pressuie m the axilla, such as from a foot, and strong adduction < 
the extended arm over this, but generally long and steady tractic 
till the muscles relax produces r< duction Local or a general ana? 
them can be used as preferred 

Once reduced, there is considerable discussion as to the medio 
of retention Tho choice lies betw ten 

1 Treatment in adduction (a) Without extension (6) Wit 
extension (Robert Jones’ bent arm splint ) 

2 Treatment m abduction (a) Without extension ( b ) Wit 
extension 

The debate as to w hether abduction or adduction gives tho be: 
result is earned on with undiminished vigour All shoulder mjuni 
aie liable to be followed by limitation of movement out of propo. 
fcion to the damage, and it was in an endeavour to minimise thee 
bad results that treatment m abduction was devised Whateve 
method is adopted it must bo r< membered that freedom of mo\ emer 
is the object, and so early assisted active and passive movement 
should be begun to avoid adhesions It is abduction, together wit 
internal and external rotation, which is most hunted in all cases 
Treatment in abduction does not increase the amount of abductio 
possible at the shoulder, for both methods if thoroughly earned ou 
should result in the same degree of ehouldci stiffness but it increase 
the amount of abduction possible by utilising the uninjured rotatio: 
of the scapula to its fullest extent io bang the arm to the side 
the stiff shoulder, treated m ibduction, swings the scapula nearc 
the mid-line, and this degree of lotation is added on to the norma 
rotation of the scapula in full ibduction I lie disability is not les*. 
but to some extent hidden uul overcome It is also i fict that 
stiff abducted arm much more reaibly regains adduction thin i std 
adducted arm ibduction, owing to the instance of gi ivity ho: 
these reasons treatment m abduction m favoured, so long as it u 
realised that an arm put m the abducted portion is only half ticaicd 
and exercises are ns thoroughh cimed out as when other method- 
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aro uvcd It must Ikj icmunbucd that the ibductcd po*itipn in 
in ambulatory patient m uncomfoi table, the splint is diflicult to 
linmtain m position, anti if allowed to ^li£> may actually displace 
the fractuie Wliuc, f<n othu icuvons.tho patient must be in bed 
tho position is not difhctili to in unt nn 

Treatment in abduction is advisable in the following eases, to 
simplify drcssuig or avoid swelling 

1 Cases with seveio soft tissue injuiy, compound fiactuies, or 
after operative reduction, 01 with d image to tho glenoid 

2 Caves in which the fi igmcnts c mnot he ldaincd m position 
m adduction 

3 All eivts u.qmi mg clhuenl extension 

4 Cases with deltoid put -is 

Methods ot ouTvtMMr vhihjciion The abduction splint 
This maj consist of the well piddtd Ci unci vine splint (see Fig 101) 
or the m uiufattuicd splint w Inch is fully uljustable In tho simpler 
splmt the elisticitj of the splint pi ov ides a lather weak extension 

In the manufactmed 


splint of the Bolder 
pattern a measured 
tension may be applied 
by a spring balance 
Traction liiaj , of course, 
be made by strapping 
or skeletal ' tr iction 
The application of the 
splmt has been de- 
scribed earlier (See 
Chapter XII ) 

Abduction in the re- 
cumbent position This 
has usually been 
obtained by a Thomas 
arm splint vv Inch is very 
uncomfortable around 
the shoulder, due to 



Fiu 2-10 llohlir -» splmt foi tieatiucnt of tho inn in 
abduction Fiont \iew 


pressure when 1> mg on the nng The full extension of the elbow 
joint is also veij uncomfoi table For these reasons it has been 
abandoned for traction with the bent elbow bj a simple apparatus 
such as that illustrated m Chapter XII A weight of G to 10 lbs 
is usually sufficient In certain cases, and wheie the apparatus 
described is not available, it may be advantageous to use Zeno’s 
position In this position the arm is held above the head with the 
elbow llexed, the inn fully flexed it the shouldei uid midway 
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between internal and external rotation Stiong traction can be 
obtained by a wire in the olecranon, with the patient’s weight 
as, counter-extension The position is useful w heie the uppei frag- 




tiG 248 Zenos position In place of tlio Kirscliner mho in tho 
olecranon a long otnp of elastoplast maj ho placed along tho arm ami 
bandaged on Tins bcr\<4 well m hero tin position is being usctl for 
other reasons than tho treatment of a fiacturc 

meat 13 Hexed and adducted, and uhcic other uijuries make easy 
access to the shoulder esscnti d 

The length of tune in the abducted position is goiuned by tho 
progress of the case After a fortnight nr three necks tho tendency 
to re displacement has usuilly pissed, md the extension m ly bo 
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indirect compound fracture The small distal fragment tends to 
bo displaced upwaul and forward, which docs not interfere with 
flexion 

Inciddnol Confusing figures aro given owing to a failure to 
separate adult from children's figures Extension fractures are 
most common in children (supra condylar) and less common in 
adults, where the extension strain produces a posterior dislocation 
of the elbow Flexion fractures axe more common in adults and 
less common m children, and m adults the lower fragment is 
commonly comminuted, producing the T-slmped fracture 

Dl \ gnosis The patient has lost the use of the forearm, and 
holds it with'tlio hand of the opposite side The deformity tends 
to resemble that of a dislocation of the elbow , the forearm appear- 
ing lengthened The three bony points of the elbow are in their 
normal relationship, and occasionally the spicule of the humerus 
may bo felt as a fourth False motion of the forearm forwards is 
free, but b ickw ards is limited 

Treatment Reduction is readily accomplished as follows A 
general or local anesthetic is used Manipulations are easier with 
the patient sitting which is an ad\ antage favouring local anajsthesia 
The arm is fixed by an assistant Grasping the forearm firmly with 
botli hands and with the thumbs m the cubital fossa and the fingers 
on the epicondyles and fracture site, the elbow is flexed to a right 
angle and then strong pressure made in the line of the humerus, to 
restore the length of the bone When this has been done the 
forearm and the lower fragment are pushed directly backwards, 
where they should engage firmly 

Retention in this type of fracture is not as a rule as easy as in 
extension fractures, but slight deformity is not so important as it is in 
the latter A plaster gutter splint w ith the arm at nght angles and 
the slab applied to the anterior aspect of the arm will be satisfactory 
in most cases, but m a few this wall fail The alternatives, then, are 
extension with a pm in the olecranon, winch is maintained till early 
union has occurred, or a plaster gutter splint with an extended elbow , 
which is \ery satisfactory m children The reluctance to use this 
position is unnecessary Children, and to a less extent adults, 
legain flexion as easily as extension There is no risk of swelling 
causing pressure, and in this position radiography gives one a more 
accurate idea of the position of the parts 

Union occurs rapidly, in children in three to four weeks, and in 
adults m four to five weeks While exercises to uninvolved joints 
are to be encouraged, it is important to keep the elbow at rest so 
long as resolution is occurring There is a tendency for ossific 
deposits to occur aiound the elbow in the muscles and m any 





i'lo 2CJ 1 xhapcd fracture mto tho elbow joint Antero posterior \iew 



Lotcrul \iiw of ■tamo cu 



Fio 205 Same ca»o os picwous figuic under olecranon bl eletal ti action 
with a bent elbow Lateral % »cw 




llo 20 b 'samo ca»o a* prc\ious figuio showing tho final result in tht 
ante: o poitmoi \ ia\ 
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heematoaia present, and this is encouraged by any further trauma 
to the region from early movement After adequate immobilisation 
as outlined, the arm is carried in a sling, and gentle active movements 
which do not produce pam encouraged When these are free the 
slmg )5 abandoned At no period are passive stretching exercises 
or strong active exercises, to be used These inevitably increase 
the stiffness of the joint To measure the amount of improvement 
m movement of the joint some form of angle measuring instrument 
(or goniometer) is important, and a convenient type is illustrated 
in Fig 107 

In children, even with remarkable displacements, the return of 
function i* good, but m adults there is liable to be permanent 
limitation Where limitation occurs in children one of the complica 
tions outlined later has usually occurred 

T-shaped fractures The fragments arc frequently grossly 
misplaced, and appear to lie in a pool of blood m -which mampulation 
becomes uncertain and retention impossible Full return of function 
of the elbow demands accurate reconstruction of the lower end of the 
humerus Even at open operation this may be difficult Treatment 
by traction with a pm through the olecranon and the elbow held at 
a right angle will generally get the fragments into good position and 
maintain them there If the position is unsatisfactory at first tho 
fragments are manipulated under anaesthesia A very convenient 
apparatus for maintaining traction with the elbow flexed is that 
described m Chapter XII It is comfortable for the patient, adaptable 
to many positions and comparatively simple and cheap Treat 
Blent should be commenced at the earliest possible moment and this 
is particularly so ui children, in whom callus rapidly forms Failure 
to obtain satisfactory position at the end of a week by this method 
demands open operation through a posterior approach The use of 
metal retentive apparatus is advised m adults but m children suture 
with strong catgut after drilling the bones is best 

Extension Fractures, Supra- 
condylar Fractures, and Com- 
plete Epiphyseal Separations 

In EXTENSION FRACTURES 

the Ime of fracture runs flow 
behind, downwards and for 
wards, leaving a sharp spicule 
of bone anteriorly, winch is 

Fig 26“ Extension fracture of tho Sower end liable to be pushed into tllO 
of . tl, ° f atmer *» cubital fossa It is Jess in 

which the brachial artery raaj be pressed » 

upon timed to produce indirect 
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compound fiactuic thm tlic spicule in ilexion fiuetuic'i In clnldicn 
the obliquity tends to bo k&s marked, and tho separation le-s 
complete Mail} biipra corn!} 1 ir fractures are icvll} trnnnvuso, 
ami of the grccnstiek vanity The short diat.il fragment is 
cominonl\ displaced backwaids (71 pci cent), and it detached 
tin*, displacement is increased b> the pull of tho tuiip*. Displ uo- 
ment may be marked, indicating sovuo 



t,G -<**» Extension fiacturo of lioJGO Supra coml\lur fuictmo of 

tho lower enJ of tlio huminib tho low cr end of tho humerus 

united with posterior dis 
placement 

and so tho joint is inevitably involved m epjpliyscal separations, 
and almost inevitably so in supra condylar fiactuies 

Epiphiseal separations The separation of the conjoined 
epiphjses as a unit can only occur before the trochle ir poitiyn of tho 
diaphjbis his grown down between tho epiphyses foi tho medial and 
literal condyles It therefore does not occur after tho fifth jtu 
The mechanism and displacement is essentially the same as a supia- 
condjlar fracture, the separation occui ring on the metaphyseal side 
of the cartilage 

Diagnosis The ease of diagnosis depends on tho sepai alien 
of the fragments At one end of tho scale wo hu\o the child in 
whom no deformity is visible, aery little bruising, and slight teiidet- 
nex'i m a Ime above tho condyles combined with a leluctajiec to use 
the limb At the otiier end of the scale is tho adult m whom tho 
condition resembles a posterior dislocation of tho elbow, with gioss 
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deformity, apparent shortening of the forearm, and prominence of 
tne olecranon behind False movement at the fracture site is 
generally easily eheited, though swelling may be so great as to 
obscure the usual bony landmarks Supi a-condylar fractures being 
so common m children it is the age of the patient which gi\es the 
clue to the diagnosis in most cases 

Treatment Cases in which there is no displacement (22 per 
cult ) and little swelling may be treated by a cuff and collar for 
two weeks, a sling for a week, and then active movements As 
there is no periosteal tearing there is no fear of excessive ossification 
in the surrounding tissues from comparatively early use 



Fio 270 Reduction of an extension fracture of tho lower 
end of the humerus 


When there is displacement it should be reduced It only tikes 
a moment with firm pressure of the thumbs over the lower end of the 
humerus to restore the part to normal if there is no tension in the soft 
parts and it can usually be felt to grate as it returns to position, and 
when in position full flexion of the elbow can, and ^must, be obtained 
In children there is little tendency to recurrence Acute flexion, the 
natural splint position, has been recommended for this fracture as 
the ideal method of retention In most cases the fragment stay sin 
position easily , and the right angle position is more comfortable and 
less worrying A posterior plaster gutter splint and a sling for three 
weeks, followed by a sling only for a week or two, is usually quite 
satisfactory 

It is in the older children or in adults that trouble arises from 
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difficulty m reduction, due to a tense h-ematoma around the frag- 
ments and incomplete reduction is followed by difficulty in retaining 
the fracture in position Retention may be found easy when the arm 
is put into acute flexion and the triceps made to act as a splint, but 
such a position must be most carefully watched owing to the risk 
of \ asculir obstruction In the majority of patients the position 
with the arm 111 a posterior gutter splint and held at right angles is 
satisfactory When neither of these methods suffice in adults one 
must use skeletal traction with a pin in the olecranon and the elbow 
at right angles At the end of four w eeks the plaster or other support 
can be discarded, and the arm is then carried in a sling for two weeks 
Flexion is encouraged m the sling, but active extension is not allowed 
till the slmg is rcmo\cd in the sixth week In cluldicn it is better to 
fix the limb temporarily and wait till swelling has subsided, when 
reduction can usually be achie\ed Too much time must not be 
allowed to elapse between attempts, as union is rapid Failure to 
obtain perfect position (Fig 268), is not followed by any untoward 
result, the humerus remodelling itself to allow full flexion 

Very rarely operative reduction is necessary Tins is done 
through a lateral incision Fixation by olecranon traction and 
plastei or plaster alone follows, and as in all cases m winch it is 
debited to get rid of swelling around the elbow early use of an 
abduction splint or Zeno’s position is made In Zeno’s method 
the forearm is hung o\ er the chest in a sling, while traction is exerted 
in the line of the humerus by the ware m the olecranon (Fig 247) 
If the arm lias been plastered without the use of a Kir^chner ware 
^trapping is attached to the arm portion of the plaster 

In both extension and flexion fractures there has been consider- 
able discussion as to the influence of pronation and supination on 
the lower fragment The only possible movement of the lower 
fragment on a fixed forearm is flexion and extension The pull of 
the pronators and supinators can only perform this movement 
Certainly the adduction and abduction of the lower fragment can 
be controlled by the pronation and supination of the forearm, but 
this is due to rotation developed around the central line of the fore- 
arm, and not due to relaxation of muscles The best position of the 
forearm is that of mid-pronation 


Incomplete Fractures of the Lower End of the Humerus 

Fractures of the lateral epicondyle This is an uncommon lesion 
owing to the lack of prominence of the lateral compared with 
the medial epieondjlc In either fracture the mechanism is 
similar 
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Jfl/j Due to direct v lolence 

(6)^Due to adduction (or abduction) strains of the extended 
elbow, when the tensed extensor (or flexor) group of muscles pulls 
oil the epicondyle 

*$) In association with a dislocation of the elbow 
Climoal textures In fractures of either epicondyle there 
is usually little displacement The chief features are local pam an d 
hrumng The bruising may extend down the group of muscles 
attached to the epicondjle, and result m pain and paresis of the 
group The re is a variable unount of effusion into the elbow , and 
I mntatioirof niovetiu nfc j In cases with no displacement tf id X*niy 
distinguishes the condition fiom a severe bruisf 

DiFFEREM IAL DIAGNOSIS Old fractmcs may fail to unite, and 
be regarded as a recent lesion, but the layer of compact bone on the 
supposed fractured surface in old lesions shows the condition to bo 
of some standing In fractures of the medial epicondyle the epiphy- 
seal luu which is usually much more even than the Assure of a 

fracture, may cause con- 
fusion An X-raj of 
the opposite side may 
aid in distinguishing the 
condition, but in the 
absence of displacement 
an X-ray Htcr which 
may show the presence 
of callus is the only 
proof available that 
there was a lesion 
through the epiphytal 
line If the case is 
clinically a separated 
epiphysis it is best 
treated as such in spite 
of negative X-ray evi- 
dence 

Another cause of 
difficulty are plates of 
ossified tissue which 
may occur m the fibrous 
intermuscular septa of 
the flexor and extensor 
muscle groups These are usually multiple and bilateral r Jhey 
diow a well organised periphery (Figs 271, 28 j) 

Ihmv deposit in the tissues of ostco irthntic elbow a, or 
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ossifications m h cmotomas ifter old injuries, may occasionally be 
confusing 

Treatment In eases without displacement a sling is sufficient 
till the pain Ins gone In eases with displacement, longer rest is 
necessary as there is associated damage to the joint, but thcro is 
very rarely the necessity to peg tlio fngment bach into position, 
seen with the medial cpicondyle After four weeks, gentle exercises 
in the sling arc commenced and this is abandoned m a week Full 
function us restored m fi\c to six weeks, there being, as a rule, no 
disability 

Fracture of the lateral condyle (and capitellum) In children from 
the ago of six to fourteen an essentially similar lesion is a fracture 
separation of the later il epiphysis Reparation is on the meta- 


l 



Fig 272 Fracture of tho lateral condyle of the humerus with posterior 
dislocation of tho head of tho radius, to which it has remained attached 

phy seal side , and usually takes a flake of bone w ith it The diagnosis 
and treatment is similar to the adult condition 

Txrr of injurx The fracture is most commonly due to falls 
on the extended or partly flexed arm, m which the force is trans- 
mitted along the radius, and so may he associated with fiacture of 
the head of the radius Direct injury , such as may occur m falls, in 
" a *h irp edge is struck by the condy le, may cause the condition, 
and fractures from sc\crc adduction strain may imohe the condyle 
rather than the epicondylc The fracture runs from the lateral 
epicondy lar ridge to the medial aspect of the capitellum Displace- 
ment of the fragment with the extended and abducted arm tends 
to be out and up, and with the adducted arm down and inwards 
It is important to rememhei that m cases associated with disloea- 
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tion of the head of the radius the capitellum remains attached to 
the head of the radius and moves with it 

Diagnosis The symptoms are those of sex ere injury to the 
epicondyle, together w ith increased lateral movement at the elbow 
joint, which is distended with blood The lower end of the humerus 
is broadened, and the lateral condyle can be moved separately in an 
AP plane with the production of crepitus It is important to note 
that dislocation of the head of the radius from the upper radio- 
ulnar joint and lateral dislocation of both bones of the forearm are 
common accompaniments of the lesion, and must be excluded by 
careful lateral and A P X-rajs 

Treatment Cases may be grouped into those with, and with- 
out, displacement In cases without displacement the ligamentous 
attachments of the condyle are holding it in place, and relaxation by a 
high slmg or collar and cuff for two to three weeks will be sufficient 
Where the displacement is slight and accompanied by swelling, a 
dorsal plaster gutter splint with the arm at right angles will bo 
better Exercises are begun at the end of three to four weeks 
Displacement vanes It may be (1) Posterior, accompanying 
the head of the radius , (2) Rotation, so that the fractured surface 
looks laterally (3) Varying 
displacements to a lesser degree 
Reduction must be attempted 
under local or general anaes- 
thesia In the first group 
reduction of the radio-ulnar 
dislocation reduces the fracture 
as w ell The second group may 
be difficult, and usually require 
operative replacement, but they 
may be replaced by manipu- 
lation of the fragment, especially 
if the case is seen early befoic 
gross swelling has occurred 
After replacement retention is 
often more satisfactory with tlio 
arm extended Similar prin- 
ciples apply to the third group 
m w Inch replacement by mani- 
pulation is usually not difficult 
Retention is by a plaster gutter 
splint, with the elbow at right 
angles, where possible, for three to four weeks, followed by a sling 
for a fortnight, after which gentle movements are begun 
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Opervtiov The approach is best made through a posterior 
incision, uul the triceps retracted till the fractured surface is Mien 
When the clot is cleared away the twisted condyle may be readily 
uutMivted uid restored to position It is drilled with a fine hand 
awl, and corresponding drill holes made m the shaft of the Humerus 
These are then threaded with eitgufc which is firmly tied After 
operation the arm is put on i posterior plater slab with the elbow 
at right angles, and the joint is moNcd at the same tune as the 
oasts treated non-opcratnely 

Fractures of the capitclluni In tins not uncommon condition, a 
Hake of bone may bo knocked off the round am face of the capitellum 
by the impact of the head of the radius and may be associated with 
fracture of the head of the radius It may \ ary m size, and, unless 
Urge, is usually o\ erlooked, e\en m the X-ray , owing to it bemg 
largely cartihgmons Later lockmg and arthritic sy mptoms 
develop as it forms a loose body in the joint, or attaches itself in a 
situition limiting moienient (osteochondutis dessicans of the 
elbow ) The immediate sy mptoms of the lesion aie effusion mto the 
elbow, with \ unable pain, limitation of mo\cment, and some pain 
on pronation and supination These maj be aeiy slight It 
is usually diagnosed on the X ray 
findmgs 

Treatment Large fragments 
frequently remam m good position 
and should be left , the elbow bemg 
rested m a plaster Smaller frag- 
ments, if noticeable on the ladio- 
graph, are usually displaced and 
lying loose m the joint They should 
be remo\ed Occasionally the ante- 
rior half of the capitellum is sheared 
off and displaced upwards (Fig 274) 

It should be reduced by open opera- 
tion and can usually be retained in 
position by flexion of the elbow 
•Satisfactory union follows 

Separation of the capitellar epi* 
phjsis This occurs in children up to 
the 7ge of ten, before the cipitellar 
c I H phy sis fuses w itli the other epiphy ses 
to form the lateral epiphysis whose 
separation is similar In reparation of the epipliy ms of the capitellum 
a one the cartilaginous structure of the lateral condyle and the 

cochlear are invohed, but they are not shown m the X ray film 



L 


1 10 J74 fiactuie of the capi 
UUuui rt-ultm,. itt \ip\wml ill-, 
placement of a hciiu-phenial 
fraj,muit of bone 
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The injury may occur m the same way as that to the lateral condjle 
Displacement may occur backwards, forwards, or laterally, or these ' 
displacements' may be combined, w Inch is usually the case 



Flo 273 Cohns lines showing the normal relation of tho capitollar 
epiplijbis to a lino along tho anterior surfuco of the humcius and 
ono parallel to this through tho ccntio of tho shaft 

Si mptoms These resemble supra condylar fracture Suspicion 
may be aroused by noting that there is a slight lateral dislocation 




1 1 & 277 Literal displacement of tho 
capj toiler epiphjsis I atcral mow 
show ing tho slight associated posterior, 

displacement 

of the forearm, m cases seen before swelling Ins occurred In most 
cases the diffcientnl diagnosis fiotn supra cowhhr ft act mo depends 


Fig 27G Slight posterior displacement of tho 
cnpitellar cpiplij 
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!7S Antero posterior a lew show mg tho 
teral di placement of the cpiplij sis 


t x 

/ / 


t _ V, 



270 Antero posterior % lew of th> 
normal elbow for comparison 




tio 2h0 Antero posterior \ lew of tho elbow after reduction 
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on the X-ray In spite of good X-rays careful examination of films 
is necessary to distinguish the lesion and this demands a knowledge 
of the normal relations of the epiplrysis to the diaphjsis In the 
antero-postenor film the capitellar centre appears as a triangular 
shadow, with a sloping upper surface lying against the diapliysis 
The outer edge is slightly curved and lies distinctly medial to a line 
joining the lateral epicondyle and the head of the radius in a true 
AP film (Fig 279) The upper end of the ulna when the arm is 
extended o\ erlaps the medial end of the capitellar shadow According 
to the direction of the chief displacement so the lateral or the A P 
X-ray gn es the most information In the lateral film of the normal 
arm the epiphysis is seen as a rounded shadow tying below the shaft 
of the humerus and m front of it This can be best shown by 
prolonging two lines through the epiphysis The first runs down, 
the anterior suiface of the humerus The second is a line parallel to 
the first through the centre of the shaft Up to the age of nine 
the epiphysis lies behind th< anterior line ' After the ninth 3 ear two 
thirds of the epiphysis is in front of it, while the whole epiphysis is 

in front of the pos 
terior line (Fig 275) 

In lateral displace- 
ment there are two 
points to look for 

1 The outei edge 
of the epiphysis is 
now nearer the line 
joining the lateral 
comty Ie and the head 
of the radius 

2 The ulna 
shadow , unless the 
bone is dislocated, lies 
free of the shadow of 
the capitellar centie, 
or just o\er its edge 
(Fig 278) 

In anterior dis 
placements the epi 
plry sis may he in 
front of the anterior 
line but most often \ 
it is only mo\ed a small distance in front of the posterior lme, winch 
runs down the centie of the shaft 

For these comparisons accurate films m the A P plane and the 



Iig 2sl Anterior di placement of tho capitellar 
epiphj &13 
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literal plane arc required, ruth the elbow completely extended in 
the A P film ami lle\ed m the lateral a lew Compnratrv e pictures 
of the opposite side ,uc useful 1'Icmoii of the elbow alters the 



Jb 10 2>2 Tho reduction oflatcral displacements of tlie copitcllar cpiphj&is 

elation of the ulna shadow to the capitellar centre, but does not 
Iter the relation of the capitellar centre to the humerus, and if 
\ tens ion cannot be obtained the humerus must be kept parallel 



-> “i S3 t J r f cture of tlio medial 
" lo humcruB mto the 

"oc It lea 


tio 2t>4 A franture of the medial humeral con 
JyJo of tho type bho\un m Fig 283 accurately 
plated bj Lane 


wtb the plate that this observation at least is accurate Films for 
comparison must be made with the sound elbow at the same angle 
as the injured one 

Treatment Reduction is by manipulation In posterior dis- 
p accments full farm flexion of tho elbow i*, made, while gentle forced 
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hyper-extension of the elbow reduces anterior displacements In 
lateral displacements lateral pressure is required, and can be easily 
applied by a narrow padded board, which is firmly pressed into the 
flexed elbow as it lies on its inner side, betw een the lateral condyle 
and the head of the radius (Fig 282 ) There is no tendency for 
the epiphysis to redisplace, and a cuff and collar is sufficient for 
retention In two to three weeks a sling is used and movements 
allowed inside this, and it is discarded a week later In a correctly 
reduced case there is no disability In cases which are neglected 
there is loss of extension 

Fractures of the medial condyle The mechanism is essentially 
similar to that of fractures of the lateral condyle The associated 
dislocations of the elbow are posterior and medial The line of the 
fracture runs up from the just lateral to the trochlea almost \ertically 
to the medial supra condy Iar ridge From the mechanics of the injury 
it can be seen that the ulna will frequently be displaced medially 
with the fragment Dislocation of the head of the radius may be 
associated Symptoms are comparable to those of lesions of the 
lateral condyle Displacement tends to be greater owing to the 
disturbance of the ulna, and there may be symptoms of ulnar nerve 
pressure If the head of the radius is dislocated in addition to the 
dislocation of the ulna the elbow is quite unstable after reduction 
and requires both extension and lateral pressure to control it If 
the ulna alone is dislocated the displaced condyle can usually be 
restored to a stable position Treatment will be along the following 
lines 

1 No displacement Posterior gutter splint, three to four weeks 
Slmg, two weeks 

2 Slight displacement Reduction by manipulation and 

posterior gutter splint 

3 Gross displacement Reduction by manipulation, and 

retention by 

(a) Pin through the olecranon and traction with pressure on the 

epi condyles 

( b ) If this fails, open operation and fixation (Fig 284) 

Accurate reduction is essential if the elbow is to function 

normally, and time should not be wasted between efforts to reduce 
the bone as callus is thrown out very early, particularly in children 
The method of operative fixation in children is the same as adopted 
for fractures of the lateral condyle, but in adults a boilo peg or 
screw may' have to be employed 

Fractures of the medial epicondyle, and epiphyseal separation 
The medial epicondyle being more prominent is more easily damaged 
than the lateral, but the mechanism is much the same Abduction 
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strain plaj a the part of adduction strain, and up to the age of sixteen 
the lesion liiaj take tho form of an epiphyseal separation The 
most important mechanism, however, is that associated w ith a lateral 
dislocation of tho elbow When tho elbow is seen dislocated the 
lesion is usu ill} recognised, but in many cases there is a spontaneous 
reduction of the elbow after the accident and the small fragment of 
’the medial cpicondylo is caught between the sigmoid notch of the 
ulna and tho trochlea, wlicio it may bo easily overlooked with gravo 
consequences later (see p 012 and Fig 280) 



ic -S3 Heterotopic ossification in the 
region of both epicondjlca Ono 
fragment on the medial side is an 
old displaced medial epicondjle 
The lateral fragment is an osufica 
tion in the radial collateral ligament 



Fia 2SG Dislocation of the elbow with accora 
pan} mg fracture of the medial epicondyl 
showing it displaced in front of th 
trochlea (seo p b!2) 


Diagnosis The symptoms are comparable to those of the 
lateral epicondjlar lesion The flexor group of muscles may bo 
weakened with inability to fully flex the fingers Characteristic 
bruising extending down the flexor pronator group of muscles may 
be seen The ulnar nerv e is damaged to a variable degree m most 
cases, and in the cases where the fragment has been displaced into 
the joint there is always a temporary complete lesion In these 
ciscs haemorrhage may obscure the fact that the epicondjle is 
missing from its usual situation Where it still remains in position 
abnormal mobility can be detected With the fragment displaced 
into the joint there is a gross effusion of blood into the joint and 
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restriction of movement, though the latter may not be as great as 
might be expected The X ray m such a case shows a fragment 
with a well defined rounded border lying in the sigmoid notch, and 
usually best seen m the lateral film Though the absent epicondyle 
w obvious it has been frequently overlooked and the A P film 
regarded as noimal This is a serious error 

Treatment If there is no displacement, the flexor group is 
relaxed by a low cuff and collar This is maintained for two to three 



Fig 287 Fractuio of tho medial Fi o 2S8 Fracture of the medial condjlo 

epicondjlo with displacement of with displacement into the joint 

the epuondyle into tho joint Antero posterior view, showing the 

Lateral view ppicondj le lying beta ecn the trochlea 

sur/aco of tho humerus and tho 
sigmoid notch of the ulna (bamo 
case as Fig 287 ) 

weeks, and then a sling is substituted for it, and movements inside 
the sling commenced At the end of a further week the shng is 
discarded 

When there is moderate displacement but the fragment is not 
in the joint, it can usually be neglected Any grosser displacement 
is uncommon and requires pegging or suture 

If the condyle is m the joint operation is essential A vertical 
incision is made over the condole and the common flexor origin will 
bo found to lead down to the fragment which lies in the joint It 
is removed and the flexors and frigmeiit stitched back in position 
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Most surgeons take the oppoitumty to tiunsplant the damaged ulnar 
nerve anteriorly at the simo time The aftci ticatnicnt is similar, 
except that immobilisation is maintained for three to four weeks 
before movements are allowed In young people satisfictory union 
with no disability follows In older piticnts there is likely to bo 
some difficulty in regaining full extension 

In cfiscs with little or modcrito displacement the prognosis is 
alw iys good 

Complicated or compound injuries to the elbow These are 
treated on tho same genei il lines as compound fr ictures elsewhere 
To reduce swelling rapidly no position is so good as Zeno’s position 
For complete immobilisation m a com- 
pound fracture a cast is applied from 
tho axilla to tho heads of the meta- 
carpals(Fig 120) This may be put in 
Zeno’s position by a strapping extension 
to the arm portion of the plaster, and 
a sling under tho forearm If a 
Kirsclmer wire has been used in the 
reduction its retention m the olecranon 
makes suspension so much the easier 
If the swelling does not warrant 
elevation of the arm, it is wise to keep 
tho patient in bed for a few days to 
reduce the sw elhng and cedema around F IG , 28a Diagrammatic section of 

. ° tho lower end of tho humerus 

showing the correct sito for 
insertion of a Kirsclmer wiro 
mto the ulna and its relation 



to tho elbow A 1’ostonor 
capsule of the elbow 13 Section 
of tho trochlea C The joint 
space II Section of tho sig 
mold notch of the ulna E Area 
of tho ulna through which tho 
Kirschner wiro is beat maerted 


the joint 

Complications of fractures m the 
elbow region Immediate (See 
Chapters V and VI for complications 
in general ) 

1 Dislocation of the elbow The 
relationship of this to various fractures 
of the elbow has been discussed, and 
it indicates more serious damage to the joint, longer immobilisa- 
tion, and a worse piognosis (see also p 612) 

2 Dislocation of the head of the radius from the radio-humeral 
and radio-ulnar joint (Mentioned so that it will not be overlooked ) 

3 Injuries to the main blood vessels If ruptured the vessel 
requires urgent treatment, as do all ruptured vessels It is par- 
ticularly important that the development of a tense luematoma m 
the cubital fossa be avoided (bee Volkmann’s contracture and 
P 48) 

4 Injuries to the nerves Radial, ulnar, and median This must 
be examined for and treated as outlined previously 
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Delayed 1 Myositis fibiosa (VoJkmann’s ischaemic con* 
tracture ) See earlier chapters for pathology and treatment 

2 Myositis ossificans Occurs in the brachiahs as a rule It 
is increased by early passive and active movements (See earlier 
chapters ) 

3 Excessive callus formation This may occur in all fractures m 
tins region , with the exception of epiphyseal lesions It is stimulated by 
early movements and is another reason w hy these should bo avoided 
Immobilisation results in its reduction in size in the early stages 

4 Ossifying hcematoma Related to excessive callus formation 
(See earlier chapters ) 

Lvte 1 Mal-union Due to neglect, or to unavoidable 
causes The most common disabilities met with are (I) Posterior 
displacement of the lower fragment of the humerus in supra-condylar 
fractures with a consequent loss of flexion This is cured by the 
growth of the bone in children In adults an oblique osteotomy, 
with traction, may improve the position, but it is seldom necessary 
and is not a reliable cure (2) Upward displacement of either 
condyle This may lead to an adduction or abduction deformity 
at the elbow In early cases it may be improved by osteotomy and 
fixing the arm in a corrected position (3) Irregularity of epiphyseal 
growtli This leads to the deformity outlined above Operative 
interference m these cases is inadvisable 

2 Late ulnar neuritis This arises years later from the continued 
friction of the ulnar nerve in the ulnar nerve groove It may be due 
to stretching of the nerve in an abduction deformity in which the 
carrying angle is increased, or duo to pinching in an adduction 
deformity, in which the olecranon approaches the medial condyle, 
or due to excessive callus around the medial epicondyle Anterior 
transplantation of the nerve effects a cure It is most commonly 
associated with mal-union of fractures of the lateral condyle 

3 Traumatic arthritis Tins is essentially similar to the same 
condition in joints elsewhere Wiulo the absence of weight bearing 
relieves the joint of some strain, its peculiar construction and com« 
bincd activities render anj small alteration of alignment of bony 
surfaces a continued source of strain Degeneration occurs with 
resultant pain, limitation of movement, presence of loose bodies, and 
occasional locking, while weakness of the gnp and pain in the forearm 
is commonly complamed of The general aspects of treatment have 
been discussed before 
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Surgical anatomy The head of the radius lies comparativ cly superficial!} 
b( low the lateral epicondyle, and above and behind the outstanding belh 
of tlio brachio radiahs where it can be readily palpated and tot itional move 
ments imparted to it by twisting the wrist can bo appreciated The head 
of the radius play s a part in two joints, the radio ulnar, and the radio humeral 
One fifth of its circumfeienco only is m contact with the lesser notch of the 
ulna, but a segment of ICO® comes in contact with it on pronation and snpma 
tion It is plain that fractures involving this 
160° segment will affect movements more than 
fractuies m that part only m contact with the 
annular ligament 




The shaft Tho muscle balance is situated 
around the pronator teres insertion, which is 
into tho highest part of tlie curve of the bone 
Displacement in fractures of tho shaft vanes in 
relationship to this point 

1 AboieP teres Upper fragment Flexed 
and supinatcd by biceps, nnd stipulated by 
supinator bre\is 

Lower fragment PronatecI by pronator teres and quadrat us and adducted 
by pronator quadratic 


io 2'Jl Diagrammatic 
trans\ er&o section of tho 
upper end of tho ulna at 
tho lo\ el of the head of tho 
radius to show the GO do 
grees of circumfercnco of 
head normally in contact 
with tho lesser sigmoid 
notch and the range of 
moi cment of pronation 
and supination on either 
side of it 


2 Below P teica Lpper fragment Hexed by biceps Drawn medially 
but remains midway between pronation and supination 

Lower fragment Drawn medially by pronator quadrntus and insertion 
of brachio radialis and pronated 

Tho close relation of the abductor polhcis longus and tho extensor pollicis 
brevis to tho bono hero is to be noted but they mo at too great a mechanical 
disadvantage to produce displacement though they mu> ho caught bit w cm 
the bono ends 

Lower end Tho bony architecture of tho bono hero is important for it 
at tho junction of tho thick layer of compact bono of tho ‘•haft with tho 
thmner lamella clothing the cancellous bono of tho distal end that tht bono 
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i i> 

Pig 2<)2 Diagrammatic mow of tho left foiearm to show tho influence of 
tho \ arious inuicln m displacing fractures of tlio shaft of the radius 
\ Biceps H Pronator teres C Pronator quadratic D Practuro 
below tho insertion of P teres E Practuroabov o tho origin of P teres 
P Humerus 



Fig 293 Antcro posterior mow of Pio 294 Lateral view of tho lower 
the lower end of tlio radius to end of tho radius to show tho 

show tho angle of approximately manner in which the articular 

30 degrees mode bj tho articular surfaco lool s downward and for 

surface with tho transverse ward, at in angle of 10 to 15degreea 

with the vertical 



Fxo 29 > Comparison of the relativ o lev els of tho radial and ulnar styloid 
processes of both wrists 


gives m many fiactuie-, The transition is very rapid, anil tho area is at a 
consequent mechanical disadvantage Tiio upper margin of tho articular 
t surfaco ov ci hangs the lower, so that tho joint surfaco looks forwards and down 
at an angle of 10° to lo®, With tho A P plane Tho articular surface also 
ma \.<_s an angle of 2a® to 3o°, with tho tranverai at tho lower end of tho bono 
am t levs angle -> aio important m the trmsiniss on of forte along tho buno 
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and so dcteimme the lines of fracture Ihe styloid process lies 4 inch distal 
to the st} loid process of the ulna 
Ossification Radius and ulna 

Primary centres for the shafts appear at seventh week 
Secondary centres (Rarely additional centres for the tip of the olecranon 
and radial st> loid process ) 


Distal R Appears second year 
U Appears fourth year 
Proximal R Appears fifth year 
U Appears tenth year 


Unite with shaft eighteen to twentj 
one Ulna joining first 
Unite with shaft soventeen to twentj 
Ulna jommg first 


FRACTURES OF THE HEAD OF THE RADIUS 


These may be duo to 

Direct violence Comminuted fractures Fractures of neck 
Indirect violence Fissure fractures, impacted and infraction 
fractures 


Other injuries commonly associated with fracture of the head 
of the ladius may be 

1 Dislocations of the elbow 

2 Fractures of the shaft of the ulna * 

3 Dislocations of the head of the radius alone 

4 Fracture of the lateral condyle 

5 Chip off anterior surface of the capitellum (This will not 
show in the X ray if it is entirely cartilaginous ) 

6 Rupture of ulnar collateral ligament of the elbow 

Types of fracture 1 Chip This is due to two radial ffssuics 



tic J'iG Chip 
fractuio of the 
head of the 
radius Compare 
lig 300 




Pia JOT Fissure 
fracture of the 
head of the 


meeting and leaving a small 
fragment free 

2 Fissure Tins may be 
complete, which virtually 
produces a large chip fracture 
or an incomplete split 

It is the commonest lesion 


r? d,u ’ i Com P° ro of the head of the radius, 
and due t9 either heavy 
impaction against the capi 
tell um, or forced abduction 
of the fore irm at the elbow 


tic joo \ nncues of Injuries to the medial side of 
infraction fracture of the joint should therefore be 
the head of .ho rad.ua so , lght for ass0C , a t, 0 n „ itll 

the fracture The stretching 
ls rarelj sufficient to produce 
an ulnar nerve paralysis but if it ruptures the ulnar coj/itcral 
lig uncut m iy do so 


Fio JOs Frac 
ture of the 
neck of the 
radius with 
d ispluceiocnt 
of the head 
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] Impacted ft act tires Usually just at the junction of tl\o head 
and neck, where the compact bone is thin Mav be difficult to detect, 
or there mvj be gross displacement of the head 

4 Comvnnutcd fractures with gioss damage and distortion 


3 Ejnjriiyocal wpaiattons 

Divoxosis Usually a characteristic story of a fall on the 
extended arm is gi\en, followed by pain m the elbow and loss of the 
movements of pionation uid supination The joint is usually filled 
b\ an effusion w Inch limits flexion md extension if it is not already 


limited by other damage, but it is 
interesting to note that m the 
absence of damage to any other 
part than the head of the radius, 
pronation and supination may 
be complete, and full extension 
impossible, and tins may be the 
only sign present 

Examination may show local 
bruising Pam is usually well 
localised It is tested for with 
the thumb at the same time as 
rotational movements of the head 
are tested for This test may 
elicit crepitus Rarely in fractures 
of the neck the head may not 
rotate, or more commonly an 
excentric movement of the head 
is felt below the thumb (Fig 200) 
Accurate diagnosis demands an 



301) Chip fracture of tho head of 
the radius 


Xiaj, as the following conditions may be associated with, or 


mistaken for, fracture 


* 


1 Fracture of the lateral condyle or epicondyle 

2 Rupture of some fibres of the extensor group of muscles 

3 Hremorrhage into the joint 

4 Dislocation of the head of the radius, especially if 



lo 301 

C o m mmuted 
fracture of 
tho hrad of 
tho radjub 
Compare tip 
j0« 



placement of tho 
cpiphj-u of tho 
head of the 
radtu-> Compare 
tig 3(10 


spontaneously reduced 

3 Pulled elbow, m which 
the synovial reflection around 
the head is pinched 

G Chteo-arthntib of the 
joint 

The following are some 
helpful points in the con- 
sideration of such case* 
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and so cloteimme the lines of fracture I he styloid pioce&s lies inch distal 
to the styloid process of the ulna 
Ossification Radius and ulna 

Primary centres for the shafts appear at seventh week 
Secondary centres (Rarely additional centres for the tip of the olcerjjnon 
and radial styloid process ) 


Distal R Appears second year 
U Appears fourth year 
Proximal R Appears fifth year 
U Appears tenth year 


Unite with shaft eighteen to twenty 
one Ulna joining first 
Unite with shaft fg\ en teen to frn enty 
Ulna joining first 


(Tins will not 


FRACTURES OF THE HEAD OF THE RADIUS 

These may bo due to 

Direct violence Comminuted fractures Fractures of neck 
Indirect violence Fissure fractures, impacted and infraction 
fiactures 

Other injuries commonly associated with fracture of the head 
of the radius may be 

1 Dislocations of the elbow 

2 Fractures of the shaft of the ulna * 

3 Dislocations of the head of the radius alone 

4 Fracture of the lateral condyle 

5 Chip off anterior surface of the capitcllum 
show in the X-ray if it is entirely cartilaginous ) 

C Rupture of ulnar collateral ligament of the elbow 
Types of fracture I Chip This is due to two radial fissuies 
meeting and leaving a small 
fragment fiee 

2 Fissure Tins may be 
complete, which virtually 
produces a large chip fracture 
tio 2<>7 Figure or an incomplete split 
head of the it is the commonest lesion 
™ d,u 3 ^ Com P arB of the head of the radius, 
and due t<j either heavy 

im P actl0n 'igamsfc the capi 

/jii || i) tellum, or forced abduction 
~ I °f the forearm at the elbow 

i, a 2 W v „„ Mlra of Injuries to tho medial side of 
infraction fiacture of the joint should tlierefore be 
the head of the radius sought for m as , 0C , atl0 n IS ith 

the fracture The stretching 
is rarely sufficient to produce 
an ulnar nerve paralysis but if it ruptures the ulnar collateral 
ligament m ly do so 




tic _’!)6 Chip 
fracture of tho 
head of the 
radius Compare 
Fig 100 


hiG 2JJS Frac 
turo of tho 
neck of tho 
radius with 
displacement 
of tho head 
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the wrist strongly The annular iig intent bung intact then pulls 
the fragment up into position, and if the arm is put up m extension 
maintains it there Extension being an awkward position for the 
patient, the arm i» Hexed as soon as the fragment lias become 
attached, t e , in ten to fourteen days The arm is then carried in a 
slmg for a further fourteen days, movements being attempted 
during the last week After this full movement of the arm is 
permitted 

3 Impaction fractures If the head is m good position leave it, 
if poor, operate In the young, replace, in the old, remove 



Fic 303 Same case as Fig 304 
after treatment showing tho 
restoration of tho position of 
the fragment by treating tlio 
elbow m extension 


i io 30<> Comminuted fracture of the head 
of the radius X ray showing forward 
dislocation of the head of tho radius 
and how tho acute flexion of the elbow 
has produced the deformity Treat 
ment of the elbow in flexion would tend 
to maintain this 


4 Comminuted fractures These can only be treated satisfactorily 
by removal of the whole head 

r > Separated epiphysis Replace by manipulation or open 
operation Never remove owing to the probability of interference 
with growth 

It is not justifiable to temporise and see how the joint 
progresses If it becomes stiff permanent damage is done w Inch 
cannot be undone by late excision of the head of the radius 

Ori-UATiov Carried out as a rule after the acute bruising has 
subsided, i e , m three to ten days A tourniquet is used The 
incision is two niches long m the lme of the bone over the head of 
the radius The braclno-radialis is separated from the extensor 
carpi rcdialis, and the joint capsule exposed By cutting v ertically 
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Effusion of blood into the joint may be almost the only sign of 
fracture of the head of the radius 

The patient maj neglect the original injury and come up because 
of loss of extension of the elbow 

In muscular rupture the strain is an extension strain and 
not compression The haemorrhage in this case tends to pass 
down the muscle group, and gives rise to characteristic bruising 
later 

Treatment This demands careful consideration because of the 
two joint surfaces involved, and the fact that excision to attain its 
greatest success must be done early before the mal position of the 
head has produced a traumatic arthritis, i e , withm two or three 
weeks 


1 Chip fractures If m good position, immobilise with a cuff 
and collar for three w eeks, and 


then commence actrve move 
ments If the chip is displaced 
and free it must be removed 
2 Fissure fractures These 
can frequently be treated with 




Fio 303 Comfortable cuff 
and collar sling made with 
a padded triangular 
bandage tied o\er felt at 
the w n»t 


Fio 304 Fisoure fracture of 
the head of the radius with 
distal displacement of the 
fragment 


a cuff and collar, as the fragment is in good position With such 
fractures damage to the capitellum must be looked for which may 
result in more stiffness than may be expected It is in fissure 
fractures, particularly the fissure most commonly met with, which 
separates almost the lateral half of the head, that the fragment is 
displaced downwards to some extent TIus displacement can be 
corrected by placing the arm in full extension and ulductmg 
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the wrist st jungly TJic annular ligament being intact then pulls 
the fragment up into position, and if the arm is put up in extension 
maintains it there Extension being an awkward position for the 
patient, the arm lx flexed as soon as tho fragment lias become 
attached, i c , in ten to fourteen days Tho arm is then earned in a 
slmg for a further fourteen day&, movements being attempted 
during the last week After this full movement of the arm is 
permitted 

3 Impaction fractures If tho head is m good position leave it, 
if poor, operate In the young, replace, in the old, remove 



Fig 303 Same case as tig 304 Fig 30s Comminuted fracture of tho head 

after treatment show ing the of tho radius X raj show mg forward 

restoration of the position of dislocation of tho head of tho radius 

the fragment by treating tho and how tho acute flexion of the elbow 

elbow in extension has produced tho deformity Treat 

ment of the elbow in flexion w ould tend 
to maintain tins 

4 Comminuted fractures These can only be treated satisfactorily 
by removal of the whole head 

5 Separated epiphysis Replace by manipulation or open 
operation Never remove owing to the probability of interference 
with growth 

It is not justifiable to temporise and see how the joint 
progresses If it becomes stiff permanent damage is done which 
cannot be undone by late excision of the head of the radius 

Opekatiox Carried out as a rule after the acute bruising has 
sub&ided, , e , in three to ten days A tourniquet is used The 
incision is two inches long m the line of the bone over tho head of 
the radius The brachio-radiahs is separated from the extensor 
carpi radialis, and the joint capsule exposed By cutting vertically 
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us 

through tho radial collatoial and ujmulm ligaments tho bono is 
o\ posed Tho head w tieated as ueee^aiy, and if lomovcd 



Pai 107 1 vcjsion of (ho hind of tho nuiiiH nfto a < ontminufrd fiar 

hilt'— MitiNftii I013 rmnidnij, nt > ul « tul of sadm* and nbstino of now 
bono fm mutton >»oto os itUatum in tho uliun lojlattinl Ji^txnu nt 
indicating that this uni damned tit Clio miiho turn* <w tho Inn tmo of 
tho ladiiH h\ Ahdintmii Mohiut * 

entuelj tho noth is mbklul awa\ to a louuded dump No pcu- 
ostoum i» bOpniuted and no tags Jolt it possible TJ10 w ound is closed 
uith ono 01 two biituies m the eup&ulo and m the skm, and no 



Ho 30 s 1 «t* ud \i« u ol tho sumo ta>« 

diauia^o A him pie***>me bandage is applied Aftei this tho 
Esinartli bandage or tmirnupud is it letted The elbow is then 
immobilised 111 it doisil guild splint nt light (ingles foi t«n lloobs 
nml till u nctno mot cult llts nu< In gun 
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Prognosis. This is good in all tho minor fractures, and fairly 
good if the above lines of tieatment are carried out Where there 
1 ^ limitation of ino\cmcnt after an old fractuic the result of operation 
is a little uncertain, but in a bad 
“ case an improvement is likely If 

there is a bad traumatic arthritis 
f present the results arc bad, and 

p much pain may demand an 

/ \ arthrodesis The chief permanent 

' disability likelj to follow the 



Fio 309 Separation of the Fic 310 Same ca«o as Fig 309 after opera 
epiphjsis of the head of the ti\e restoration of the position of tho 

radius epiphysis Lateral mow 


injury is not loss of pronation and supination, but loss of complete 
extension Major injuries may result m much permanent stiffness 
t a nd this is only avoided by early operation The results of complete 
excision of the head of the radius are, how ev er, not so satisfactory 
that it should be done without suitable indications 

Complications 1 Arthritis Usualfy traumatic and secondary 
to an associated dislocation Avoided by earlj reduction, removal 
of grossly displaced fragments and the avoidance of force later in 
dealing with limited mobility Active movements by the patient 
only should be used to restore mobility Once established, the 
possibility of improvement by excision of the head must be 
considered The usual plijsio therapeutic treatment maj make the 
life of the patient more comfortable and prevent the condition 
getting worse 


2 Loss of pronation and supination Do not forget to examine 
$,the lower radio ulnar joint as well Usually due to leaving displaced 
fragments m situ or excessive callus Excision of tho head must 
be considered 


3 Loss of flexion and extension at the elbow Often a small 
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amount of extension is lost, but as the patient never- uses the elbow 
fully extended it is of little moment 

4 Paralysis of the posterior interosseous nerie May be due to 
injury at the time of the accident or to a later developing traumatic 
neuritis from the friction of a deformed radial head The features are 
those of a radial palsy, w ithout the loss of skin sensation Immediate 
lesions of the nerve are very rare, and the associated injury would 
inevitably demand operation In late lesions the head is excised 

5 Osteochondritis dessicans Damage to the capitellar surface 
of the humerus, with or without fracture of the head of the radius, 
raaj result in the later separation of a flake of bone, with all the 
features of a loose body in the elbow The sclerosis below the site of 
separation suggests its similarity to the lesion occurring in the knee 

FRACTURES OF THE SHAFT OF THE RADIUS 

Fracture of the shaft of the radius alone is rare, as 

1 The shaft is dense compact bone, and the cancellous bone at 
either end gives first 

2 A mobile joint at either end tends to dissipate force 

3 In direct injuries, such as warding off a blow, the ulna is moie 
superficial anti thus more frequently injured 

Fractures m adults, when they do occur, are most commonly due 
to direct violence, and so tend to be transverse They arc more 
common in children and then are frequently greenstick, and are 
often associated with fractures of the ulna In the lower end there 
is a particular tendency to infraction fractures, which occur a little 
above the site for Colles’s fractuics 

Diagnosis The upper third of the radius is buried in muscle \ 
and so less likely to be injured, but correspondingly more difficult to T 
examine Deformity in the lower subcutaneous portion is often 
obvious There is a loss of active supination in all fractures 
Rotation of the head of the radius transmitted from the wrist is 
not evidence against fractuie, as it may be impacted or greenstick, 
but non rotation of the head is proof of fracture An X ray is often 
necessary in children, whose only complaint may be a refusal to use 
the arm, and a little local swelling 

Treatment (see Displacement, p 342) 

Fractuies above pronator teres 1 fWith no displacement 

Fractures below pronator teres J [With displacement 

1 Fractures above the pronator w ith no displacement Immobi- 
lise w ith the arm in full supination and the elbow at 90° for four w cchs ^ 

2 With dis placement This c m only bo angulation or shorten 
mg and thc&o must bo corrected by manipulation Tiaction to 
correct the shortening must be hrm and with the wrist in ulnar 
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deviation, to o\crcome the splinting of tho ulna, and finger pressure 
13 made to correct tho angulation Tho arm is then immobilised 
m tho stipulated position with tho elbow at about C0° by a posterior 
gutter sphnt Union is slow, and may take four to si\ weeks 

3 Fractures below tho pronator teres, with no displacement 
The arm is put in a plaster from tho mid-humerus to the metacarpal 
heads to prevent rotation, care bemg taken that the bones are not 
pushed together, and with tho elbow at 90°, and the forearm in the 
mid prone position 

4 With displacement Reduction by manipulation, followed 
by a plaster, as bcfQre Union occurs m four to six w eeks m an adult, 
three weeks in tho child 

If reduction bj manipulation does not produce a good reduction, 
perfect reduction should be achieved by open operation The ends 
may interlock sufficiently well not to need any fixation, but it is 
safer to insert a single screw As less desirable alternatives, tho 
methods discussed under fractures of both bones of the forearm 
(p 384) maj be used Perfect reduction of the radius is important, 
but not quite so important as perfect reduction of the ulna 

Greenstick fractures should have any angulation corrected by 
manipulation, a proceeding which often turns them mto complete 
fractures They are then immobilised m a short forearm plaster, 
for two or three w eeks In children with complete fractures in the 
distal fourth of the bone it is unnecessary to immobilise the elbow, 
the forearm bemg carried in a sling for the first tw o w eeks and then 
exercised as in a Colles’s fracture Infraction fractures require a 
supportmg plaster up to the elbow for two to three weeks, and can 
use their hands freely 

t Fractures of the lower fourth of the shaft of the radius These 
fractures fall into two groups 

1 Those m which the lower radio ulna joint is intact , 

- Those m which there is a dislocation of the lower radio-ulna 
joint (Fig 311) 

Thej occur from backfire injuries or from direct violence 
applied to the radius The dislocation of the ulna is forwards 
in nearly all cases This displacement is readily overlQoked if the 
radiographs are not true lateral views of the wrist, and as failure to 
reduce the dislocation produces considerable disability its importance 
needs to be emphasised The persistence of some pain at the lower 
radio uhiar joint ana some loss of supmation is not uncommon after 
this injury Accurate reduction of the radius is important in all 
eases and must be obtained by one of the following methods Once 
reduced there is often a tendency to redisplacc, particularly in those 
cases associated with dislocation This maj be due to the pull of 
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amount of extension is lost, but as the patient never- uses the elbow 
fully extended it is of little moment 

4 Paralysis of the posterior interosseous nerie May be due to 
injury at the time of the accident or to a later dev eloping traumatic 
neuritis from the friction of a deformed radial head The features are 
those of a radial palsy, without the loss of shin sensation Immediate 
lesions of the nene are aery rare, and the associated injury would 
inevitably demand operation In late lesions the head is excised 

5 Osteochondritis dessicans Damage to the capitellar surface 
of the humerus, with or without fracture of the head of the radius, 
may result in the later separation of a flake of bone, with all the 
features of a loose bod) m the elbow The sclerosis below the site of 
separation suggests its similarity to the lesion occurring in the knee 

FRACTURES OF THE SHAFT OF THE RADIUS 

Fracture of the shaft of the radius alone is rare, as 

1 The shaft is dense compact bone, and the cancellous hone at 
cither end gives first 

2 A mobile joint at either end tends to dissipate force 

3 In direct injuries, such as warding off a blow, the ulna is moie 
superficial and thus more frequently injured 

Fractures m adults, when they do occur, are most commonly due 
to direct violence, and so tend to be transverse They are more 
common in children and then arc frequently greenstick, and are 
often associated with fractures of the ulna In the lower end there 
is a particular tendency to infraction fractures, which occur a little 
above the site for Colies’s fractures 

Diagnosis The upper third of the radius is bulled in muscle 
and so less likely to be injured, but correspondingly more difficult to 
examine Deformity in the lower subcutaneous portion is often 
obvious There is a loss of active supination in all fractures 
Rotation of the head of the radius transmitted from the wnsfc is 
not evidence against fracture, as it may be impacted or greenstick, 
but non rotation of the head is proof of fracture An X ray is often 
necessary in children, whose onl) complaint may be a refusal to use 
the arm, and a little local swelling 

Treatment (sec Displacement , p 342) 

Fractures above pronator teres 1 [With no displacement 
Fractures below jironator teres / (With displacement 

1 Fractures above the pronator with no displacement Immobi- 
lise with the arm in full supination and the elbow at 90° for four weeks 

2 With displacement This can only be angulation or shorten 
ing and these must be corrected by manipulation Tiaction to 
correct the shortening must be firm and with the waiot in ulnar 
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with t, Kusclmei \uie This wire imj run tiansvct.sely across the 
radius and ulna, or it may bo more easily and equally satisfactorily 



Fig 312 Oblique fracturo of tho lower end of the radius accompanied 
bj dislocation of tho lower radio ulnnr joint 


introduced from front to back The wire is incorporated m tlie 
plaster 

3 Open operative 1 eduction and fixation This is most satis- 




tin 313 Fixation of tho fracturo bj a single screw 

factonly carried out by a small plate Less convenient are a single 
oblique sciew or a graft 

It is essential to fix the elbow as well as the wrist m immobilising 
t t iesc fractures Union is satisfactory m four to six w eeks If there is 

any doubt a short forearm plaster is applied for a further fortnight 
ns unstible lesion is the homologuc of the Monteggia fracturo 
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the pronator quadratus, but is more commonly due to imperfect 
reduction, a rotational deformity being apt to remain unrecognised 
Methods of reduction and retention available are 



Fio 321 Fracture of the lower end of tho radius, with dislocation of 
tho lower radio ulnar joint 



Fig 31 16 !■ racture of tho lower end of the radius 
together with complete dislocation of the lower 
radio ulnar joint 

1 Manipulation and plaster Suitable in cases which interlock 
readily and in greenstick fractures of the type shown m Fig 311 

2 Manipulative reduction and transfixion of tho lower fragment 
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the upper end of the humerus occurs Indeed they may occur 
together, and ciscs liavo been seen m which the conccntr xt;on of 
attention on tiie wrist lesion has caused tlie Iiumu il fiacture to be 
overlooked 

The name Collcs’s is applied to a tinnsveisc fiacture of tlie loner 



iia 314 Characteristic Dinner Fork deformity of a Colics s fractuie 

end of the radius which occurs just distal to the point wheie the 
compact bone of the shaft tluns to become the covermg of the 
cancellous bone of the lower end It is thus a fracture through 
cancellous bone With this is frequently associated a fracture of 
the ulnar styloid process which may be broken transvcisely at its 
base, or merely have a chip pulled out from the tip In a severe 



Fig 315 Collca n fracture uith moderate displacement Lateral ue« 

CoHes s fracture where the ulna styloid is not fnctuicd the ulnat 
co lateral ligament is tom, but this is very uncommon as fi ictuic 
usually occurs first 

s Clinically, Colles’s fractures can be divided into mild and seveie 
le _ mi ^ cases the diagnosis rests between a Colles’s and any 
other of tlie seven fractures named In the sev eie case with marked 
placement it rests between a Colles’s, a separated cpiphj&w, and 
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dislocation in the upper third of the forearm Roth may reduce 
easily, but are subject to later displacement of the fracture, usually 
angulation, with impaired function Open operative fixation with 
the control provided by a plate is therefore recommended in all 
cases (seep 382) 

Traction on the thumb has been recommended for controlhng 
these cases It is to be a\ oided as it produces serious stiffness in 
the thumb 

FRACTURES OF THE LOWER END OF THE RADIUS 

Types 1 Colies’s fiacture, and reversed Colles’s or Smith’s 
fracture 

2 Marginal fractures Dorsal 

3 „ „ Volar 

4 „ „ Styloid 

5 Longitudinal fissure fractures 

0 Separation of the lower epiphysis 

7 Infraction fractures (Grecnstick, with little displacement ) 

Colies's fractures Mechaxisvi 1 Direct violence Starting 
handle injuries There aro two varieties of starting handle 
injuries 

(а) Backfire on the downward compression This drives the 
handle into the palm and produces a Collcs’s fracture or fracture 
of the nav lcular 

(б) Tlie backfire on the upward compression, in winch the 
handle is torn out of the hand and swings around striking the 
back of the wrist This usually produces a transverse fracture 
of the lower end of the radius above the level of the Colles’s fracture 
aitd which ma> be associated with dislocation of the lower radio- 
ulnar joint (p 351) 

2 Indirect violence Falls in which the hand is used to save 
the body In falls with the hand palm down, the force on the thenar 
and hypothenar is transmitted up the bones of the forearm, and 
may be accompanied by acute dorsiflexion and a rotational strain, 
on the lowei end of the radius the fingers acting as part of a short 
lever Falls with the hand doubled under m which the hand is 
hyperflexed should produce the characteristic Smith’s fracture, 
but rarely do so, and they more commonly produce a Colles’s 
fractuie 

Incidence The fracture is particularly common in middle aged 
women, when some general decalcification of bones, accompanied 
by an increased deposit of fat seems to occur after the menopause 
(See table m Chapter I ) In such cases if the w nst docs not 
give, and the force is snflicientlv strong, an impacted fracture of 
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31S Comminuted Colies a fiacture with 
marl ed displacement Lateral view 


broadened, aiul the iuigcis aic Hexed to icla\ the tendons o\ti the 
velar aspect of tlio fractuic Crepitus is often absent due to 
impaction, and must be distinguished from the soft cicpitus of 
cpiphjseal injuries There is i loss of pronntion and supination 

Associated injuries 
which must bo \\ atclied 
for 

1 Dislocation at the 
lower radio-ulnar joint 

2 Injury to the 
sensory branch of the 
radial nerte, with pain 
around the base of the 
thumb, often considered 
due to the plaster 

3 Fracture of the 
navicular Rare 

4 Injury to elbow, 
humerus or cla\ icIo 

Comminution of the lower fragment is not uncommon in severe 
injuries, usually m the old, the crack running into the joint, and it 

is important as it makes 
retention less easy, pro- 
ducing an effusion into 
the joint and an irregular 
joint surface with con- 
sequent increased dis- 
ability later It is 
particularly m these 
comminuted fractures 
that a watch for a recur- 
rence of the deformity in 
the plaster must be kept, 
and a control X-ray 
taken about the tenth 
da;y If it shows a re- 
currence the fracture is 
re reduced m cxactlv 
the same manner as 
before In old people 
with a Colles’s fiactuie 
of anj degree of seventy 
appears at the elbow, around the medial 



Same ca-.o a-, in 
Vntiro posterior v 


pnwous fig me 


a large h ematoma 
cpicondjlc 
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a fracture of both bones a little above the wrist The clinical 
features will be obvious from the description of the deformity which 
follows 

The distal fragment is displaced 

1 As a whole dorsally 

2 As a whole upwards, i e , tow aids the elbow 

3 It is rotated on a transverse axis so that the upper margin 



!■ jq 310 Same case as previous figure Antero posterior view 


of the bone is turned dorsally, and the low cr articular surface tends 
to look dorsally 

4 It is rotated on an A P axis so that the radial stj loid is 
pushed upwards to the level of the ulnar styloid, and the articular 
surface of the radius is more at right angles to the shaft 

Tins produces the characteristic dinner fork deformity The 
fourth displacement allows 
the hand as a whole to move 
radially, and the ulnar 
styloid or its fractured base 
becomes prominent The 
Fig 317 Lateral and A P views of the radiu3 diagnosis IS usually obviOUS, 
showing the characteristic displacement of , . A.snlnfwl 

a CoIIea a fracture (Compare Figs 318 319 ) bufc m tilG less ^ s PJaeeu 
fractures only an X raj will 
distinguish it from the fractures previously mentioned The dxs 
placements described above can be verified by palpation beforo 
swelling has occurred The whole wrist from above appears 
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thi-, the fnctmo lino cm bo readily felt and the Inomnto|llo entered 
I lften cubic centimetres of 2 per cent not ocailic are injected here In 
order to bo certain tint this is diffusing into the h-cmntomn, after the 



Lie J22 Tlio stages m the reduction of a Colless fracturo The 
introduction of the local anesthetic 

first feu cubic centimetres are injected the syringe is detached and 
blood stained fluid should regurgitate back along the needle If there 
is little displacement of the fragments it will be found necessary 
to pass the needle m front of the bone and inject some novocaine 
there, as otherwise it will 
not percolate through the 
impacted bone to tins 
region 

Reduction The 
f patient is placed on a 
table, and the thumb and 
index, middle, and ring 
fingers are painted with 
niastisol, and a few turns 
of bandage placed around 
the threo fingers and the 
thumb separately, leaving 
the little finger free A 
pad is then placed o\ er the 
arm m front of the biceps, 
and a broad webbing loop 
slipped o\cr the arm, winch can be attached to a hook in the 
y* The patient or the fracture site is then anaisthetised Dis- 

lmpaction and reduction is then brought about by firmly grasping 
the wn-st and the hand, and strongly palmar flexing it at the wrist 



Fig 323 Tho syringo is removed allowing 
blood stained anaesthetic solution to trickle 
back along tho needle, thus showing that 
the h-cmatoma has been entered 
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Treatment For perfect function perfect reduction is essential 
All Colies’s fractures should be reduced if there is the slightest 



Fio 320 Colless fracture in Fig 318 
after reduction The cuive of the 
under surface of tlio radius is 
restored The joint surface looks 
down and forward It has been 
impossible' to ele\ ate a small dc 
pres-ed fragment which spoils the 
alignment of tlio dorsal surface but 
this is of no moment 


displacement, even if impacted 
The essentials of a good reduc 
tion, only seen in the X ray, 
are 

1 The line of the dorsal 
surface of the radius is smooth 
and not stepped or angled 
(Fig 320) 

2 That the articular surface 
m a lateral view looks down 
and foi wards at an angle of 
10° to 15° (Fig d20) 

3 That the line of the 
articular surface in the A P 
view is at least at an angle 
of 25° with the transverse 



FiC 321 Antero posterior 

previous cast? showing the reduction 
of the ulnar stjloid and the ulnar 


(Fig 321) 

4 That the ulnar styloid is 
in position, and the hand devi- 
ated ulnarwards (Fig 321) 

5 That the lower radio- 
ulnar joint surfaces are in 
normal relationship 

Anaesthesia Local an-cs 
thetze is very suitable m recent 
cases Any general anaesthetic 
may be used 

Technique of local ancedliesta, 
Using the apparatus and method 
set out previously, two skin 
blebs are first raised with fine 
hypodermic needles, one over 
the base of the ulnar styloid 
(unnecessary if the ulnar sty Ioid 
is intact) and one over the 
lateral surface of the radius 
just below the Ime of fracture 
A larger needle is now taken 
and 2| cc of 2 per cent novo 
came is injected at the base of 


dev lation of the hand 

the fractured ulnar styloid A fresh needle is taken and entered 
oblique Jj against the upper surface of the bone By sliding it over 
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and tlua is tlio ideal position for plastering Very lately is it 
necessary to palmar-flea tho wrist to maintain tlio fiagments 111 



tio 126 Testing for comploto disimpaction by h> per oxtcnsion with tho 
fingers on the fracture site 


place, and if this is done it should only be left so for ten days and 
' then replastercd m the more usual position 

Retention’ A plaster slab about six layers deep is now placed 
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With much the same grip and only shifting the two thumbs over 
the fracture site, disimpaction can be readily tested by dorsiflexmg 
the wrist Reposition of the loose fragment is 
now brought about by traction on the fingers, 
the strap in the crook of the elbow providing 
counter-traction The fingers are held in one 
hand and the thumb in the other and traction 
is applied mainly to the thumb which produces 
ulnar deviation and so corrects the radial dis 
placement Grasping only three fingers does 
not contract the metacarpal arch, as does grasp- 
ing the whole four Traction is applied with the 
arms straight, and the body leaning back, as 
with flexed elbows the traction is uneven and 
tiring to maintain B3 traction the shortening 
iio 124 The cor 1S overcome, and the dorsal rotation, w Inch was 
rect to ban undone by the disimpaction, is also corrected 
applying traction The shifting of the whole fragment dorsally is 
of a CoUesa* froo” usua ^y a ^ so undone, hut it may be made certain 
ture The fingers by pressure with the thenars on either side of the 
are fm>t painted fracture, with the fingers interlocked, when great 

with mastisol 0 

force can be exerted This manoeuvre is very 
useful in comminuted fractures with much displacement, and by 
maintaining the traction, and combining a rocking movement with 
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date of plastering, and appioxnn Uo dato of removal, togethei uith 
a diagram of the fracture, arc avritten on the pi vstcr with an mdchblo 



Fig 330 With the arm still under traction which u not relaxed till 
tho plaster has set the short forearm plaster is applied In the 
figliro tho comer which is cut off to allow full flexion of tho elbow is 
being remo\ ed 


pencil Tins is only to facilitate treatment m a large clinic If a 
gauze bandage has been used, provided everything is satisfactory 
on the following day, it is then covered with 
a starcli bandage, on which the same details 
can be written 

The important points about a plaster for a 
Colles's fracture are 

l It extends from the elbow to the heads 
of the metacarpals, but allows full flexion of 
tho elbow 

\ 2 It is sufficiently wide to surround the 

metacarpals on either side, for it is only the 
resistance offered by moulding it around 
the cone of the metacarpals which prevents 
the occurrence of shortening 

3 The metacarpal arch of the fingers must 
be flat to allow full finger movements 

4 The band crossing the palm which 
maintains the metacarpals against the dorsal 
slab, and which can be of wire, or of sticking * ia 331 Tlio com 
plaster, must not extend further than tho infront** 101, trom 
le\cl of the distal crease of the palm on the 

y 4 ulnar side and the middle crease on the radial side, so that full flexion 
of tho fingers n, possible This point is frequently overlooked m 
the region of the index finger which comes out of the plaster much 
stiffer at the metacarpal joint than the other fingers 
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wrap around the nietacarpals on either side, a firm grip around the 
base of the first metacarpal being particularly important A small 
cut is made beside the second metacarpal to allow the plaster to be 



FiC 328 While tho wrist is under traction manipulation of comminuted 
fragments into portion may bo done by pressure of the palms with 
tho fingers locked accompanied bj a rocking motion of the forearms 


folded back to the le\el of the head of the thumb metacarpal and 
give an edge for the bindmg acioss the palm This dorsal slab is 
now carefully smoothed on to the shin The further wrapping to 
maintain tins in place depends on whether swelling of the fracture 
site is to be anticipated If tho 
fracture is fresh and no swell- 
ing has taken place, a gauze 
bandage is wrapped around the 
plaster slab If swelling has 
occurred a piaster bandage may 
be used, care being taken in 
both cases that the portion 
crossing the palm is not too 
tight The plaster is carefully 
moulded as it sets, so that there 
is a hollow under the lower 
surface of the radius, and a 
smooth fit around the base of 
the first metacarpal This not 
only helps to turn the lower 
end of the radius in the correct direction, * e , looking downwards, 
but very definitely helps m the retention, while the moulding around 
the inctacarpals is the only wa> m which the resistance to shortening 
can be maintained Traction is only relaxed when the plaster is set 
If a plaster encircling band ige his been used the date of fracture, 


c c 



Fig 32S Trimming tho planter t.lab used 
in the retention of a Coilea s fracture 
C Tho comer cut off to allow full flexion 
of the elbow D I me of fold around 
base of thumb E Line on which flap 
B is folded back F Line of sciv>or cut 
down to level of E for cutting flap 
A [In applj ing a plastt r for a fractured 
navicular m which tho thumb is not 
fixed this portion oF plaster is also 
removed ] 
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Iu this classification the fiactuics aic arranged in the order of 
their seriousness The last gioup of se\crely comminuted fractures 
mvolvmg the wust joint may also involve the loner radio ulnar 
joint with further disability 

The length of immobilisation mci cases with the severity of 
the lesion In J oung people the imcomminutcd and undisplaced 
fracture may be given a minimum period of two w eeks in plaster 
For each further degree of seventy another week of immobility is 
insisted on, so that in the grossly comminuted fracture involving 
the joint five weeks rest may bo needed In older patients these 
times are each increased by <a further week To obtain the total 
disability period, an cqiuv alent period for rest and exercises must be 
added to that already spent in plaster 

' Given uniform treatment the final result will be a reflection 
of the mcreasmg seventy of the lesion The two important factors 
which will govern the prognosis more than any others are, accurate 
reduction and the presence of a. fracture line rummig into the joint 
Accurate reduction is essential for good function The fracture 
entermg the joint is bound to disturb the smoothness of the articula- 
tion, and such patients are much slower m gaining a wrist free from 
pain with reasonably full movements In such cases complete 
restoration of movement seldom occurs, but the amount lost should 
not amount to a disability More of a problem is the persistence of 
pain, and the dev elopment of a traumatic arthritis m older patients 
In severe comminuted fractures this is always to be feared 

Re-education This is one of the most important parts of 
treatment, if not the most important part, and must be combined 
with the supervision of the plaster The maintenance of adequate 
jomt and muscle function is only possible by free exercises of the 
unfixed joints, and it is the ability to leave so many joints free, and 
>et maintain adequate fixation, that makes plaster the only satisfac- 
tory means of retention in this fracture The patient is seen on the 
second day, and if the plaster is satisfactory, is instructed to do with- 
out the sling and use the fingers as much as possible m the ordmaiy 
way To make certain that the arm is adequately exercised lie is 
sent to the massage department for exercises, as follow 

1 Extension of the fingers, deliberate and strong 

2 Spreading of the fingers 

3 Flexion of the fingers 

4 Extension and flexion of the thumb 

^ ^ Extension and flexion of the elbow 

6 Hand behind head and behind back 

" Pronation and supination of the liand with the elbow steadied 
on the tlngh if patient is seated, or held m against side if standing, 
md in the elbow grasp position if possible 
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a The plaster must extend to the end of the first metacarpal or 
pressure sores on the thumb Mill occur 

In comminuted or badly displaced fractures, and particularly m 
incompletely reduced fractures, a tendency for the deformity to 
recur in the plaster will be found It seems to occur about the 
seventh to tenth day and should be checked by a routine X ray 
on the tenth day It is possibly due to a subsidence of the swelling 
allowing re displacement in the cast If it occurs the WTist is set 
again as if the fracture were a recent one 

Complaints with regard to the il aster 1 Pain over the 
thumb May be due to injury to the sensory branch of the radial 
nerve, and not due to pressure Usually the plaster has to be 
remoi ed and re ipphed 

2 Swelling of the fingers Is not uncommon for the first forty- 
eight hours, but goes away with exercise of. the fingers The 
precautions with regard to fresh fractures should be noticed If 
swelling occurs the plaster must be split and the arm raised above 
the head and exercises encouraged Recently we have developed 
the habit of cutting down the gauze bandage from the base of the 
fingers to two thirds of the way down the forearm, half an hour 
after the plaster has set, and then lightly rebandaging By this meins 
the firm bandage necessary to hold the plaster in position can be 
applied, and all possibility of later constriction is removed by 
splitting the bandage, while the freeing of the venous return at the 
wnst improves the colour of the fingers 

3 Inability to move the fingers is commonly complained of 
even in normal plasters, and is due to pam, nervousness, and pressure 
Some relief of pressure, eg , by a partial split down the forearm, and 
encouragement cures the condition This is also a symptom of more 
serious pressure (see Chapter II), and this must not be overlooked 

Prognosis Fractures can be classified as follows, and this serves 
as a guide to the prognosis, and also to the time of immobilisation 
necessary in each case The fracture of the ulnar styloid can be 
neglected, except in so far as it indicates a more severe lesion 
Uncommmuled fractures 1 With little displacement (Mild 
Colles’s) (Plaster 2 — 3 weeks) 

2 With displacement and fracture of the ulnar styloid (Severe 
Colies’s ) (Plaster 3 — 4 weeks ) 

Comminuted fractures These almost always show gioss 
displacement 

1 With the comminution not involving the joint surface 
(Plaster 4 — 5 weeks ) 

2 With the line of the comminuted fragments entering the joint 
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In thus chsmfit ilion the fractuus arc arranged in the order of 
their m. 0010*111 I lie li^t group of Mjvtrcly comminuted fracture, s 

ini ol\ nig the un^t joint may aho involve the lower radio ulnar 
joint with further risibility 

ll,o length of immobilisation mere ins with the ‘*o\crity of 
the lesion In young people the miconuninuted and undispl iced 
fncture miy Ik given i minimum jicnod of two weeks in plister 
l'or eich further digree of seventy mother week of immobility is 
insisted on, so tint in the grossly comminuted fricturc involving 
the joint ti\c weeks rest miy Imi needed In older patients the-o 
tunes are e ich men istd hy i further week r Io oht mi the tot d 
disability jicriod, iticqiiiv dent {K.no<l for rest and exercises must lie 
uldcd to th it dre idy **pcnt m plaster 

(>i\en uniform tre itmuit the fin il result will he a reflection 


of the mere wng seventx of the lesion Hie two important factors 
which will govern the prognosis more thin any others are, accurate 
reduction and the presence of i fricturc line running into the joint 
Accurate reduction is csscntnl for good function The fracture 
entering the joint is hound to disturb the smoothness of the articula- 
tion, ind siah piticnts are much slower m g lining a wrist free from 
pain with rcisombly full movements In such cises complete 
restontion of movement seldom occurs, hut the miouut lost should 
not amount to i disability "More of a problem is the persistence of 
pun, and the development of a traumatic arthritis in older piticnts 
In severe comminuted fricturcs this is always to lie fc ired 

Rc-cducation '1 Jus is one of the most important pirts of 
treatment, if not the mo-t important p irt, and must lx; combined 
with the supervision tif the plister The maintenunco of adequate 
joint and inunclo function is only possible by fixe exercises of tho 
unfixed joints, and it is tho ability to lc ive so m my joints free, and 
yet mamtdin adequate fixation, that makes plaster tho only satisfac- 
tory means of retention m this fi ictmo The patient is seen on tho 
second day, and if the plaster is sutisfictory, is instiuctcdtodo with- 
out the slmg and use the fingers as much as possible in tho ordmniy 
way To make certain that tho arm is adequately oxciciscd lie is 
sent to the massage dcpaitmcnt foi cxeicises, as follow 

1 Extension of the fingers, dehbeiato and strong 

2 Spreading of tho fingeis 

3 Flexion of the fingers 

4 Extension and flexion of the thumb 
f ® Extension and flexion of tho elbow 

6 Hand behind head and behind back 


7 Pronation and supination of the hand with tho elbow steadied 
on the thigh if patient is seated, or held m against side if standing, 
and in the elbow grasp position if possible 
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5 The plaster must extend to the end of the first metacarpal or 
pressure sores on the thumb Mill occur 

In comminuted or badly displaced fractures, and particularly in 
incompletely reduced fractures, a tendency for the deformity to 
recur in the plaster Mill be found It seems to occur about the 
seventh to tenth day and should be checked by a routine X raj 
on the tenth day It is possibly due to a subsidence of the spelling 
allowing redisplacement in the cast If it occurs the wrist is set 
again as if the fracture were a recent one 

Complaints with regard to the plaster 1 Pain over the 
thumb May be due to injury to the sensory branch of the radial 
nerve, and not due to pressure Usually the plaster his to be 
removed and reapplied 

2 Swelling of the fingers Is not uncommon for the first forty- 
eight hours, but goes away with exercise of. the fingers The 
precautions with regard to fresli fractures should be noticed If 
swelling occurs the plaster must be split and the arm raised above 
the head and exercises encouraged Recentlj we have developed 
the habit of cutting down the gauze bandage from the base of the 
fingers to two thirds of the way down the forearm, half an hour 
after the plaster has set, and then lightly rebandagmg Bj this means 
the firm bandage necessary to hold the plaster in position can bo 
applied, and ill possibility of later constriction is removed by 
splitting the bandage, while the freeing of the venous return it the 
wrist improves the colour of the fingers 

3 Inability to move the fingers is commonly complained of 
even in normal plasters, and is due to pain, nervousness, and pressure 
Some relief of pressure, e g , bj a partial split dow n the forearm, and ' 
encouragement cures the condition This is also a symptom of more 
serious pressure (see Chapter II), and this must not be overlooked 

Prognosis Fractures cm be classified as follows, and this senes 
as a guide to the prognosis and also to the time of immobilisation 
necessary in each case The fracture of the ulnar stjloid can be 
neglected, except in so far as it indicates a more severe lesion 

Uncomimnuled fractures 1 With little displacement (Mild 
Colks’s ) (Plaster 2 — 3 weeks ) 

2 With displacement md fracture of the ulnir styloid ({severe 
Colies’s ) (Plaster 3—4 weeks ) 

Comminuted fractures These .almost alwajs show gross 
displacement 

1 With the comminution not involving the joint suiface 
(Plaster 4—3 weeks ) 

2 With the Une of the comminuted fragment * entering the joint 
(Plaster 5— G weeks ) 
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Diiohmitv Xot characteristic, and tnaj Ixj confuted with 
\ohr diMoc it ion* of the wrist The signs nml symptoms arc much 
tlic *une as for i Collcs's fracture, only the displacement is xolar- 
w ar<ls as a whole, and the rotation in the trumer-c axis increases 



tja “H2 l_j»trr«»l and \ t’ \ic\m of ft rr'erx’d CulJf'* * frncturr (S?o Til) 

the angle of the joint 'Hie other displ icciucnts arc ns in Colics s 
fracture The ridnl styloid is elc \ ited, ind the general deformity 
has liecn cvllcd the “ sptdc handle deformity 



tia 13J Smith i« frutturu or tho n.\ti>o«l Colk h it fnictvin 



Tito deformitj in a rc\«n>ed Collcaa 
U3 m bit, J3J 


fracture Tito tamo ease 


Iklatment Follows similar principle* to a Collet’s fi act lire, 
the mo\emeiits of reduction being icxciscd, and the wiist is put up 
m the s>amc neutral position 


THE MARGINAL FRACTURES 

1 Dorsal 

2 Volar 

3 Styloid 
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Complications I Redisplacement Occurs { a ) About 

seventh to tenth day, re reduce and plaster 

( b ) If plaster is removed too soon in old people, and m badty 
comminuted fractures Depending on how serious thu 
is and on the time since the fracture, one must decide 
between leav mg it or re reducing it 

2 Pact over the ulnar stiloid Common complaint due to 
non-union of the styloid or the torn ulnar collateral ligament 
Demands more careful ulnar adduction in the plaster to avoid it 
If it occurs after the plaster is removed it will pass off m time ir 
most cases, but m a very few the detached fragment has to be 
removed Nov ocame infiltration should be tried 

3 Pain over the sensopx branch of the radial nerve 
Usually settles m time 

4 Loss of pbonation and supination to some degree Due 
to arthritis of the lower radio ulnar joint, and usually improves with 
time It occurs in badly reduced and grossly comminuted fractures 
In patients in the tw enties and thirties, if very severe may require 
excision of the lower end of the ulna 

5 Late rupture of the extensor pollicus lonous tendo^ 
Very rare, but in interesting complication, and difficult to treat, 
as the fragment of bone causing the frajing must be removed and 
the frayed tendon may be in no condition for suture A free tendon 
graft may be employed, or the distal end implanted into the abductoi 
polhcis longus 

6 Persistent pain in the wrist (a) Too early removal of 

the plaster Immobilise for a further two weeks 

(b) Rheumatic flare up in the injured joint General physio- 

therapeutic treatment 

(c) Early traumatic arthritis Usually -associated with com- 

minution or a bad reduction These cases seen up to tliree 
months after the accident can be re fractured and reset, 
but tins is only advisable in the younger patient 

7 Deformity Tins usually takes the form of radial deviation, 
with a prominent ulnar stjloid, and is the most common complaint 
in inadequately reduced or immobilised fractures, and can only be 
avoided by careful observation of the principles outlined If \ery 
marked it may be corrected m the young by osteotomy of the radius 
and resetting In the old it is best left alone 

Reversed Colles’s or Smith’s Fracture 

Due most commonly to direct violence knocking the hand volar- 
wards but may be due to indirect violence in falls on the dorsum 
of the hand with the hand strongly flexed 
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HiU'iunLb of rm; iiauius 

hldNS Similar to thcr-c for ,i ('oilcan fracture, ttltllout Hindi 
ilcfonmlj ami from ahull it i in onl> lie (liitingiinlu.il l>j \ nja 
Tim ililfmntnl ilngim-H inti lictumi injur* to the < irpil 
limua, i Kctue ‘■pi nil, itpiratiml of the t|nph>aH ) mil i linhl 



l-u *n , l showm,. lh«» mluct ion of tho displnccmt nt b> t-phuting the 
bund m tin- in ut nil (mid ) |X\'ition 

Colics’s frieturo 'I he dislocation of the urist as a whole must not 
be overlooked is it clem uuU u much longer pc. nod of unmolnli" ition 
thin the fr ict tire done (t c , sj\ to eight weeks) 

IU diction In nth ta^o the detached fragment is attached 



‘ "7JL 


Li 


l'io 340 Marginal fracturo of 
tho radial styloid 1 ho frac 
turo lino enters the joint just 
inedjal to tho ndgo between 
tho na\icular and lunate 
aitieular aieas • 



1 io 341 I ongi 
tiulnml Iihsuio 
/ met » i o of tho 
i adius Compare 
log 342 


to the carpus by its appropriate ligament, and it is through carpal 
manipulation that its position is influenced In the radial styloid 
fracture, which usually rum straight out fiom immediately lateral 
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The mechanism is much the same in dorsal and volar marginal 
fractures, and resembles that of a Colies’s fracture, the force varying, 
m direction, m the amount of leverage from the hand combined 


Fid 335 Dorsal and \olar marginal fi act urea 
of the lower end of the radius 

with the compression and m degree The deeper overhanging 
posterior articular margin tends to receive more force The injury 
is often regarded as minor, but is important owing to joint involve- 



Fit. 330 Styloid marginal 
fracture CompaioFig 340 



Fig 337 a olar marginal fracture of tho radius with intorior subluxation 
of the vrnt 



iia 33S Showing tho effect of dorsiflexion in increasing the subluxation 


nient and may be associated with a dislocation of the wust m a 
palmar or dorsal direction 
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buvss s imihr to tho-c for a Colics s fracture, without much 
defornntv, ami from winch it < in onl> lie distinguished b} X rajs 
Tho diflumtul dngnoMs re-ts 1>ctwccn injury to the carpal 
bone**, i M.\prt* ■>ju nn, scptntion of the epipb\-H, ami a milil 



hn Tt'l Sluiwitip tho mluct ion of tho iliijilaciinciit h> fjihntinj, tin. 
luunl m tho in utrul (mill ) ixvation 

Colit Vh fritturt r Ihc t!i>lot ltiou of the wrist is a whole must not 
be overlooked us it demands a much longer period of immobilisation 
th m the frieture done (r e , si\ to eight weeks) 

Huilction In t'teli c^e the det iched fragment is utt tched 
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Fla 310 Marginal fracturo of 
tho radial btjloid Tho frac 
turo lino entcra tho joint jui»t 
mtiljal to tho ridgo lulu con 
tho nawcular and lunato 
aiticular flicui • 



1 io 311 Longi 
tmhtwi f>A*nra 
fracturo of tho 
niduts Compuio 
lug 342 


to the carpus by its appiopnato ligament, and it is through carpal 
manipulation that its position is influenced In the radial stjloid 
ricture, wliuh u^mlly runs stiught out fiom immediately lateral 
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c.ime* i cllip of tlio dorr'll margin of tlio iiictnphj •>» u itli if ( t ig II ">) 
bepintion of tlic ulinr cpipli}“i“ or fruAun of tin. nlmr stjloul 
(wc kig 144) IllHJ ho awiclntol «ltll till. collilllioll 

lti lircTioN 'llmw tisnillj u>>, ami tin. ircm.II ifr<l “nrf.no 




Via $44 l»o*U nor displacement 
of lUo ruduU vjMjtlijM* ^ tilt 
bcparutiou of tho ulnar »t> loul 
proccM Ant«.ro j>o»t< rior \ icw 
of cano blioun in tife HI 


1* i« Jit I^thrtil \k« of iho pn.\iom 
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of the tpiphy »ls, once Inch in position, tends to stay thuc A 
dorsal pi istcr, is for >i Colics’** fracture, is applied Union is, s itis- 
factory in three weeks 111 all cists If the epiphysis is icplitcd 
inti yferenco w ith growth never occurs 
It is \try difficult to connect 
Madclung's deformity w ith nial united 
fractures of this type, but it may 
develop after crushing injuries of 
the epiphysis which cause piematuic 
fusion, (see Fig r >7 l 3) 

Infraction fractures 'lhesc occui 
m the young and arc really gicenstick 
fractures with little displacement As 
a result deformity is frequently hardly 
visible and barely palpable, and swelling and pun often tlio only 
symptoms complained of 

The X-ray is characteristic, showing a slight bulging of the 
compact bone between I and 2 inches behind tho joint m tlio A P 
view, and some crumpling of the compact hone with deformity m 
the lateral view AU grades of tins may ho found, passing into tho 


1 io Jill l*o>tLiior ili-iilnci nunt 
of tho lowtr cpiphj-w of tho 
luJiua nhoumi, tho bimill fm CT 
iiiLiit of tho mctnplijsia earned 
uwaj with tlio ipiph^Md * s eo 
*Ji> oOl ) 
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complete fiacture of the lower fourth of the bone, described under 
fractures of the shaft 

Trfatvevt Where the displacement is small a supporting 



iiG 347 Gieenstick (bamboo) fracture of tho lower end of the radius 
Anteio posterior view 

plaster for two weeks is sufficient, but where displacement has 
occurred it must be corrected by manipulation and a foiearm 



FxG 348 Lateral % »ew of tho same ca->o showing crumpling of tho posterior 
compact bone More often tho anterior side of tho radius crumples 

plaster applied for three weeks In children exercises ire 
unnecessary 
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CHAPTER XXIII 


FRACTURES OF THE ULNA, AND BOTH BONES OF 
THE FOREARM 

THE ULNA 

Surgical anatomy Tho ulna occupies a peculiar position in the forearm 
providing the pnot aiound which the radius turns, but not taking any 
compression strain, which is borno by the radius Its reaclilj palpable 
subcutaneous border is uppermost when the arm is used to shield the face, 
and so tho bone is frequently the recipient of direct violence, and fractures 
are commonly compound 

Considerable discussion has surrounded the decision as to ^ 
which bone it is most important to reduce accurately For sound ( 
function of the forearm it is important to icduce both perfectly, but 
if comminution or compound injuries limit consideration^ one bone, 
then the ulna is the most important to align The axis of rotation 
of the radius is thus restored and the ends of the radius will be 
pulled into moderately good position by the ligaments attaching 
them to the ulna A fair degree of pronation arid supination is thus 
likely to be restored Minor degrees of mal alignment of the radius 
or ulna will be repaid by traumatic arthritis at one or other radio 
ulna joint a few years later 

Classification of fractures of the ulna 1 Fractures of the 
small processes of the ulna 

(а) Coron oid 

(б) Olecranon (Tip ) N 

(c) Styloid 1 

2 Fractures of the olecranon through the sigmoid notch 

3 Fractures of the shaft of the ulna 

(a) Alone 

\b) Associated with a dislocation of the head of the radius 

(c) Associated with fractures of the radius (Both bones ) 

Fractures of the Small Processes 

Fractures of the coronoid process of the ulna arise from 
tendon strain m o\er extension of the elbow, or from injury by the 
lower end of the humerus m posterior dislocations of tho elbow 
The displacement of the fragment 13 variable, but it can best be 
returned to position by acute flexion of the arm Following disloca- 
tion this may be a dangerous procedure, and it may have to be done 
gradually as the sw elling subsides The position is maintained for 
three weeks and then movements gradually commenced 
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Fiucti hi s oi Tin tip of Tin oi i uuson may nrnc from direct 
\ toll ik c ’liny are rare More commonly n small lx>n> «pur, or 
ostcophy to, is Knocked olT In children after the age of ten the 
centre for the tip of the okennon m ly Ik; knocked off, an essentially 
similar loion A ding for a fortnight is usually sufficient treatment 
l<HtiTiiltl.3 of Tin stm,dii> liiocisi arc mod commonly acc- 
ented with i ColliVs fracture of tlic ridnn Uhey may, houoer, 
arise from ligimcnt strnn in severe wrist sprains, and from direct 
\ lolcncc 

Where due to duxet \iokiut stripping is sufficient, hut those 
iv-ociilcd with se\cre rpruni require more nriuiis attention It 
is advisable to inimokik“C* the unsJ //< plaster for a fortnight ni 
nonunion of the frigimnt md i*,rsistcnt p.am are common (see 
p 3 VI) 

Fractures of the Olecranon through the Sigmoid Notch 
Tan of moiimj r J in sc fnctuns most commonly arise 

through direct \ lokliit from falls on the point of the elbow In this 



J 


tio 319 U]>uunl (lmloiatiou of tho elltow » jth fmeturo of llm ok ernnon 

case the fracture is usually tr »m erso, lies at the centre of the sigmoid 
notch, and frequently shows no displacement Should muscular 
contraction of the triceps have succeeded the fracture, or should 
the fracture be due to tlio pull of the triceps snapping the ulna ovci 
the lower end of the humerus, the fi igment may bo widely displaced 
and the fibrous expansions on either side of the insertion of the muscle 
widely tom Tho position is thus anulagous to that ticcurnng in 
fractures of the patella Fractures may* however occur from the 
, weight of the body bung transmitted to the sigmoid notch when the 
forearm, but not the elbow, is supported (Fig 349) Under these 
circumstances either an oblique fracture such as is shown in Fig 352 
occurs or a transverse fracture near the eomoid occurs (Fig 356) 
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with anterior subluxation of the elbow In the latter case the 
antero posterior stability of the elbow joint is seriously compromised 



Fia 350 Transverse fracture of h id 351 This fracturo is best treated 
the olecranon tip by excision of the fragment and 

attachment of the triceps to the 
fracturo surface 

With any of these injuries comminution may occur, or one form of 
\ lolence may succeed another 

Fractures of the olecranon can thus be divided up into four 
groups 

1 Fractures involvmg the attachment of the triceps and the 
posterior third of the sigmoid notch which do not imperil the 



Fio 352 Oblique fracture of the Fio 353 Correct and (ample method 
bate of the olecranon often accom of fixation by a tingle borevy 

pained by forward dislocation of 
both bones of the forearm 

stability of the elbow and can be txeated by excision of the fragment 
(Figs 350, 351) 

2 Fractures of the middle of the notch without displacement 
which can be treated expectantly (Figs 358) 



Fio 351 Comminuted fracturo of Fio 355 Comminuted fiacturo of 
olecranon olecranon treated bj bono graft 


3 Fractures, usually oblique, wlucli involve the middle third of 
the notch and upset the stability of the joint, and which do not lend 
themselves to excision These are best treated by single screw 
fixation (Figs 352, 353) 
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4 1 1 it tuns which nun Ik; tommmnlcd, involving the 'interior 
thud of tin Mgmmi! notch, uni gravtlv imperil the st ibihtv of the 



tli x *1 (land'll" Tim Inn <>f tli" «»In rnium nt n mon <li tal itc 

1 lux fmetnn mm In Innln! In a <iiiJi »<-ic« nxxlumn 


joint r Ihtsc must It tinted bv rtstontion of the fragments to 
their normal position if possible (1 igs m) 

Divosusis 'Hit lesion products lot U p vin with nil inability 
to str lighten the inn, md iisinllj a th iritttristic swelling over the 
oltinmm due to tfTusion of blood into tlit olttrinon bursa and 
surrounding tissues It is occ ision illj diflitult to exclude this 






I 

X lu J5S Fracturo of th» okernnon without displacement duo to duett 
\ lolcnco 

fracture in the presence of a typical history when then is blood clot 
or loose bodies m the olecranon bursa The simulation of a fiactuio 
hne may be very confusing and require an X laj to differentiate it 
Owing to the subcut vneous position of the bone, fractures are 
occasionally compound 

•Tkkatailnt Cases with no displacement aio immobilised in 
plaster with the elbow 4 to 60 ° short of full extension, which is 
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with antenor subluxation of the elbow In the latter case the 
antero posterior stability of the elbow joint is seriously compromised 



the olecranon tip by excision of tho fragment and 

attachment of tho triceps to tho 
fracture surface 

With any of these injuries comminution may occur, or one form of 
violence may succeed another 

Fractures of the olecranon can thus be divided up into four 
groups 

1 Fractures involving the attachment of the triceps and the 
posterior third of the sigmoid notcli which do not imperil tho 



Fio 352 Obliquo fracture of tho tia 353 Correct and simple method 
ba-e of the olecranon often accom of fixation by a single screw 

panied by forward dislocation of 
both bones of tho forearm 

stability of the elbow and can be treated by excision of the fragment 
(Figs 350, 351) 

2 Fractures of the middle of the notch without displacement 
which can be treated expectantly (Figs 338) 



Fie 334 Comminuted fracture of Fig 333 Comminuted fracture of 
olecranon olecranon treated b> bono graft 


3 i ractures, usually oblique, which involve the middle third of 
tho notch and upset the stability of the joint, and which do not lend 
themselves to excision These arc best treated b} single screw 
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4 ] i utnrcs whieli max be tommimitul, tmoLing the anterior 
luul of the sigmoid notch, mcl gr,i\el\ nniN.nl tlic st ibdit} of the 



joint 'I Inst must he tinted l>\ n stunt ion of the frigments to 
their nornnl jmsitum if jMtssihh! (1 igs HI, !“>"») 

I)i conosis The lesion products lot il pun with m in ihihtj 
to str lighten the inn, mil uMiilh a eh mictcristic swelling oxer the 
olecruum duo to effusion of blood into tliL oleeranon bursi and 
•ntrrounduig tissues It is oe.c won dlx difficult to t\iludt this 



1 10 3 1 racture of tlio olecranon without displacement duo to timet 

violence 

fracture in the presence of a typical history when theio is, blood clot 
or loose bodies m the olecranon bursa The simulation of a fractuio 
lme may be \ery confusing and requuo an X lay to diffexentiate it 
Owing to tlie subcutaneous position of tho bone, fiactures are 
occasionally compound 

Treatment Cases with no displacement aio immobilised in 
paster with the elbow 45° to 60° shoit of full extension, which is 
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more comfortable than the completely extended position This 
position is maintained for three weeks, when a sling is substituted 
and movements within it allowed Tins is discarded in two more 
weeks The result is usually very satisfactory, though a few cases 
take time to recover full extension 

Fractures with displacement These must be operated on to 
restore the structure of the joint accurately and unite the tom 
aponeurosis Occasionally in comminuted fractures it is necessary 
to operate m the absence of wide separation of the fragments because 
a small fragment is tilted into the joint 

Operative treatment The approach is from behind through a 
cun ed incision This may be curved transv ersely, or longitudinally , 



Fig 3u0 A transv free fracture* of the olecranon with displacement 

and is so arranged that the fracture line and the incision do not cross 
one another A tourniquet may be used if desired The fragments 
and tom fascia are exposed and cleared of debris When their accurate 
configuration is appreciated, a decision as to the best method of 
fixation may be arrived at In transverse fractures a long screw 
inserted from the posterior surface of the olecranon will usually 
impact the fragments well and maintain good alignment In frac- 
tures of the anterior third, tins is essential to avoid recurrent 
anterior subluxation If the fragments are badly comminuted this 
may be difficult and compromises such as that shown in Fig 363 may 
have to be used In oblique fractures, there are usually a few small 
fragments which have to be iemoved before the proximal fragment 
can be fitted into place It is then best fixed with a single oblique 
screw inserted from the subcutaneous surface of the olecranon Wire 
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mi} bo tiM.il, but strews aic nunc sitisfutor\ bet him of their 
fatc'uljmg effect, and the impaction thc\ piodmc If denied, i thin 


km 10O Via uIiIkjiii fractur*. of tin oli'cniuott 

bone peg miy bo substituted *1 ho screws miy be uncoinfort iblo 
later because of their subcutaneous position and because they mter- 




Fio 101 Tho previous caso after wu mg 

^f 6 VV1 ^ 1 ^ ie °^ ecranon bui&a They may always be xemoved easily 
ter accurate suture of the skin tho elbow is co\ eied w ith a piessuro 
andage and the whole enclosed m a light plaster case from axilla 
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more comfortable than the completely extended position This 
position is maintained for three weeks, when a sling is substituted 
and movements within it allowed This is discarded in two more 
weeks The result is usually very satisfactory, though a few cases 
take time to recover full extension 

Fractures with displacement These must be operated on to 
restore the stiucture of the joint accurately and unite the tom 
aponeurosis Occasionally m comminuted fractures it is necessary 
to operate m the absence of\ude separation of the fragments because 
a small fragment is tilted into the joint 

Operative treatment The approach is from behind through a 
curved incision This may be curved transversely, or longitudinally, 



Fio 350 A tranv* ert>e fracturo of the olecranon w ifh displacement 

and is so arranged that the fracture line and the incision do not cross 
one another A tourniquet may be used if desired The fragments 
and tom fascia arc exposed and cleared of debris When their accurate 
configuration is appreciated, a decision as to the best method of 
fixation may be am \ ed at In transverse fractures a long screw 
inserted from the posterior surface of the olecranon will usually 
impact the fragments well and maintain good alignment In frac- 
tures of the anterior third, this is essential to avoid recurrent 
anterior subluxation If the fragments are badly comminuted this 
maj be difficult and compromises such as that shown in Fig 303 may 
have to be used In oblique fractures, there are usually a few small 
fragments which have to be removed before the proximal fragment 
an be fitted into place It is then best fixed with a single oblique 
° rew inserted ftom the subcut inc ous surface of the olecranon Wire 
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i it u'umi s ui 'i in: in a i 

111 ml} Jiiilkil ilovvil Mill Uintnl l«J l<> the f"‘“ irounil tl.c 

ulna ’1 ho inn is IrciUil jkM ojicr.itiiil> in llio 'imo m Minor 
i, after (.crowing nr lugging tin; fngment '1 linlrr itnicnt .s -mtsWc 
for romimmitcil fm lures nwl in lire «M, jiirtn.nl irlj, if there is nnj 
osko irthnti* 

l’nooNosls Union is u-mllj ri|ii<l iml "ilisficlnt} l lie 
nnuunt of mu\ unt nt w Inch mums nuts 1 irgclj vv ith the sgc of the 
null! ulti il In the joung it is iismllj romiilelc, in older jko|i]l 
there m i\ lie i jh nil inuit loss of 10’ to lo’ of most must In n few 
r iscs, pirticul irl\ comminuted frictures, there isil iter deulopmcnt 
oftrnmntic irthnlis 'Iheprmupd ulv mi ige urged for removal 
of the fr 1C tilled frigmuit is freedom from this litter eompln ition 
Leewon of the proMinil fngment is however onlj suit tide for i 
limited muilher of e ises 

fractures of Ihc Shaft of the Ulna 

Inclines of the shift alone arc most commonly due to direct 
violence, mil occur in the vuk lower third of the hone 'ihc 
fneture in n he \ruis\crsc, comimmitcd, or obhipit Ih>pl iccnu.nl 
i->, as i rule, sin ill, owing to the hr icing action of the radius md 
tends to he 1 bowing of the ulna towards the radius, due to muscle 
pull 

Owing to the c iso with which the hone may Ikj p dp itul, di igno-te 
is simple Difficulty may arise in children in whom the lire ik is 
grccnstich, when f.lho motion c umot ho detected lVon ition and 
supination ire p imful or lost In childic.n blows on the inner side 
of the forearm are liable to pioduco a grccnstich fracture of the 
.ulna with literal bowing of the hone associated with a later il 
f sublu\ation of the elbow and oee iMuiuilly a fiactme of the litcnl 
condyle, or moie commonly a separation of the lateral epiphysis 
(big 305) 

Tut vtmi- \ r When displacement is pic sent the following 
manoeuvres may be tried firstly, simple extension, us applied to 
reduce a Colles’s fractuie, in ly be tried with the hand held, however, 
in radial deviation to exert as much tnction on the ulna as possible 
This is aided by manipulation with the lingers, which tiy to how the 
ulna postenorly, a move which usually springs the ends apart 
Secondly , if a screening room is available, a small Steinmiuui s pm 
may be inserted under a local an esthetic and engaged in the bone 
ends, and used to lever them back into position l-'m hug tins open 
y ,°P era tion is the last hope (This is more commonly rcquiitd to letam 
" P 0sttl0n than to reduce the deformity ) Fixation is by an arm plaster, 
including the elbow held at a right angle, and the foieirm m the 
-mid-prone position, the plaster being continued down to the meta- 
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to metacarpal heads The elbow is placed at an angle of 90 to L io 
degrees, depending on the amount of relaxation of the triceps 



Pio 302 A comminuted fiacturo of the olecranon treated by the removal 
of the proximal fragment 

required The plaster is i emoted at the end of a fortnight and the 
stitches removed Subsequent tieatment depends on the rigidity 
of fixation achieved In oblique 
cases with a single screw fixa 
tion, gentle movements maj be 
commenced at this -stage and the 
forearm merely supported in a 
shng In other cases fuither 
immobilisation in plaster for a 
fortnight maj be required 

TraIsSPLAXTATIOIT 01 THE 
triceps insertion Recently 
remo\al of the fractured frag- 
ment of the olecranon lias been 
practised with considerable suc- 
cess It appears to be more 
Fio 363 Tho preuo.u ra-o ofiw satisfacton than the correspond- 
operative itrootai of the proximal mg renunal of the patella for 

* the p.ub m 
triceps but tho functional result w either case the important featuio 
excellent G f f} ie operation is tlio union of the 

expansions of the muscle, in tins case the triceps Tho operation is 
l 1 ned as for suture, the proximal fragment of bone is remov ed and 
an> U spicules around the distal end trimmed up The triceps is then 





t Un ( nxn ink fine tun of tin iijijm r 
< nil of th< ulna with ii lut< ml Mill 
luxation or tin ilium Mini tin ii|i]«r 
radio ulnar joint 



fcio JG7 Separation of the 
lower radial cpiplijbis 
bliowmg the hmall chip of 
metaplasia Uauallj dn 
placed with ir 



Jbio 3b:» liactuio of a sesamoid 
bono of the thumb Theio is 
alio a n -a mo nl bono at the 
mseition of flexor polhcis 
longus into tho I*\ o of the 
dutul phalanx lhi» h com 
monlj piesent and inaj bo 
mistaken for a fiacturo 
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carpals, to prevent rotation, and to use radial deviation of the hai 
if necessary, as a method of control In a few cases there is . 
associated dislocation of the lower radio-ulnar joint which must 
reduced, and makes retention of the fragments more difficult T 
circular plaster bandage must not be tight as that may b< 
the ulna toward the radius, and methods to prevent this as 
fractures of both bones of the forearm may have to be adoptf 
(See Figs 376, 377) 

The ulna unites slowly and requires immobilisation for four to s 
weeks m the young, and si\ to eight weeks m the old Even th 



Fio 3 1)1 Fractur© of the shaft of the ulna with forward dislocation of tho hea 
of the radius Tho so called Monteggia fracture Tho same case as show 
m Fig 33 

it may not be firm If it is, a sling is worn for a further fortmgh 
If it is weak a plaster splint is applied to the forearm only J 
cases of delayed union the whole arm plaster is repeated for foi 
weeks and the case reviewed again 

Fracture of the Ulna associated with Dislocation of the Head of tl 
Radius 

This fracture was first described by Monteggia in 1814 and beai 
his name It consists of a fracture of the ulna m the upper ha 
accompanied by a dislocation of tho head of the radius and is usual! 
due to direct \ lolence applied to the ulna If the fracture of the uln 



hio 1W» »k» »>fu»n I \x> liTiur 

didotntioii <>r tin* thumb from tlw tm|»£ium 
major) mid null north location of 
i In* t tii | x nml (imiltnii„iiliiiii minor) m < oui|tanir<l 
lij n <!i lot nt ion of lli« mi onil six turarjtal at it-* 
articulation with lln <ur|iu« (N<t Imj. Ill) 


H» i C ixi n tu 1* frut tun of tli< u|ijm r 
end of tho ulna with a Initial Mill 
luxation of tin iIImju and tin upjx r 
radio ulnar joint 



tiG 3C7 biparation of the 
lower radial epiphjsit 
showing tlio small chip of 
metaphjsH usually dia 



1 la HiS 1 inrtuio of a m »amoid 
bonu of the thumb Tliero ii 
also a hiMunoid bono at tlio 
iiiseition of (lc\or pollicis 
lon^m* into tlio ba*.o of tho 
distal phalanx Thu is com 
monlj pic -.cut and maj bo 
mistaken foi a fiacttuo 
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occurs Mon the centre there is a tendency for the radius to fr icture 
rather tlirn dislocitc, hence (lie common association with fractures 
of the upper thin! of the ulna 'I ho dislocation of the radius inn he 
anterior (l‘ig 561), ixistcrmr (I ig 172), or lateral 1 racture of the 
head of the ndnis is not uncommonly associated The inevitable 
rupture of the orhicnl ir ligament is not important, unless it obstructs, 
or renders reduction of the dislocition imjx)x.siblc Tho lesion is 
import int for two re isoux, lindly , because the dislocation of the head 
of the radius is often overlooked, ami, secondly, because there, is a 
great tendency of the ulna to unite with bowing towards the radius 
if the condition is not correctly treated The accident is most 
common in children between the ages of live to nine and in them 
noil opcritive reduction is usually satisfactory, and a good i>osition 
can he munt lined with a plister In adults this is not the ease and 
the need for perfect reduction of the ulna demands frequent open 
operative interference I racture of the head of the radius 
demands o per it ion in most tises, duo to the displacement of the 
fragment 

Ridictiov llns is accomplished by traction combined with 
manipulation of the lie id of the radius In anterior dislocations, 
which arc more common, the forcirm is Hexed md'the he id of the 
radius pushed down into jxisition (tig 370) In posterior disloca 
turns the he id of the radius is pushed up Immobilisation m plaster 
from the metacarp ils from the axilla is necessary, and cases of 
anterior dislocation should he put up m slight flexion, while cases of 
posterior dislocation should be in incomplete extension (137 degrees) 
Ciieck radiographs are taken to ensure the head of the radius is 
reduced and the ulna m good position 
\ Oplrativi tul vtmlnt Open operation is to bo recommended to 
the follow mg cases 

(а) Those in winch the head of tho radius cannot he reduced or 
retained m position Exposuio of tho head and division of tho 
orbicular ligament is usually all that is required 

(б) Cases m which tho ulna remains bowed toward tho ulna, or 
otherwise displaced 

(c) All adult cases with any displacement, owing to the necessity 
for perfect reduction and the early use of tho foreram 

( d ) Cases in winch there is a fracture of tho head of tho radius 
with displacement of tho fragment Best treated by excision of 
the head of the radius 

^ l0 alternative open operative methods for fixation of tho ulna 
are described m fractures of both bones of tho forearm, and rest 
e ween, single screw fixation in oblique fractures, plating or the 
use o a hono graft, and the use of intramedullary Kirschncr wires 
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The use of the bone graft is to be preferred as it gives sound fixation 
and the situation, is a technically easy one for its use Early move 



Fio 369 Fracture of the ulna with anterior dislocation of the head of the 
radius (Monteggia fracture) showing the usual directions of ti action 
in reducing a forearm fracture 

ments of the forearm can be encouraged and the definite risk of 
non-union w ith this fracture in adults is av oided 

In children open operation is to be discouraged, the head of the 



Fio 370 Showing the reduction of the fracture and dislocation by traction 
on the hand combined with anterior pressure over the head of the 
radius 

radius must not bo excised, and anything more than the embedding 
of a single screw in the ulna is to be avoided if possible 



hit. 371 The wune case after tho application of plaster 
Fractures of Both Bones of the Forearm 
These are duo to direct and indirect violence in almost equal 
proportion They are more common in the lower third of tho 
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L 

o 172 tiactuie of both liorni of the 
forearm with posterior dislocation of the 
head of the radius 


I u. J7t Iho sumo case after leductiou 
lheio was also a chip fiacturo of tho head 
of tho radius \\ Inch liquind open operation 
and rcinov al of the fi ugment 
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COMPLETE OUTLINE OF FRACTURES 


The use of the bone graft is to be preferred as it gives sound fixation 
and the situation is a technically easy one for its use Early mo\e 



Fio 309 Fracture of the ulna with anterior dislocation of the head of the 
radius (Monteggia fracture), showing the usual directions of traction 
in reducing a forearm fracture 

ments of the forearm can be encouraged and the definite risk of 
non-union with this fracture m adults is avoided 

In children open operation is to be discouraged, the head of the 



Fig 370 Showing the reduction of the fracture and dislocation by traction 
on the hand combined with anterior pressure o\er the head of the 
radius 

radius must not be excised, and an} thing more than the embedding 
of a single screw m the ulna is to be ax oided if possible 



hu. 371 The amo case after the application of plaster 
Fractures of Both Bones of the Forearm 
The«e are due to direct and indirect violence in almost equal 
proportion They are more common m the lower third of the 
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1,0 172 liactuic of both Ikhic-i of tlio 
forearm with posterior dislocation of the 
head of the i a thus 


j*** 



1 io 17 * llio sumo ca->o utter induction 
Ihtio was also a chip fracture of tho head 
of tlio radius which icquued open optiation 
and remotal of tho fragment 
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COMPLETE OUTLINE OF FRACTURES 


The use of the bone graft is to be preferred as it gives sound fixation 
and the situation is a technically easy one for its use Early move 



Fio 369 Fracture of the ulna with anterior dislocation of the head of the 
radius (hlonteggia fracturo), showing tho usual direction.? of traction 
in reducing a forearm fracture 

ments of tho forearm can be encouraged and the definite risk of 
non union with this fracture in adults is avoided 

In children open operation is to be discouraged, the head of the 



Fig 370 Showing the reduction of the fracture and dislocation by traction 
on the hand combined with anterior pressure o\ er the head of tho 
radius 

radius must not be excised, and anything more than the embedding 
of a single screw in the ulna is to be a\ oided if possible 



1 io 371 The ‘-amo case after tho application of plaster 
Fractures of Both Bones of the Forearm 
The*e are due to direct and indirect violence in almost equal 
proportion They are nioie common in the lower third of the 



l'RACTI I jIILS 01* '1HR UADILs \M> LilAA 


J8'» 


v 

L 

Fia 372 hractuio of both bonti of tho 
forcann with posterior dislocation of tho 
head of the ruilma 


lit. 37 1 llio Mina taso alter lcduction 
llicio uaa also a chip fracturo of tho head 
of tho railiui which icquned open opeiation 
and ramov al of tho fragment 
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The use of the bone graft is to be preferred as it gives sound fixation 
and the situation is a technically easy one for its use Early move 



Fig 3^9 Fracture of the ulna with anterior dislocation of the head of the 
radius (Monteggia fracture) showing the usual directions of traction 
in reducing a forearm fracture 

ments of the forearm can be encouraged and the definite nob of 
non union with this fracture in adults is avoided 

In children open operation is to be discouraged, the head of the 



Fig 370 Showing the reduction of the fracture and dislocation by traction 
on the hand combined \rith anterior pr<? sure o\ er the head of tho 
radiu» 


radius must not be excised, and anything more than the embedding 
of a single screw m the ulna is to be avoided if possible 



lio J7l the amo caj>o aft*, r tho application of plaster 

Fractures of Both Bones of the Forearm 
The*e are duo to direct and indirect violence in almost equal 
proportion They are more common m the lower third of the 



1 li V('H r.l,S Ol IIIL ll\l)ll' \\l> l I \ \ 



Fig 37’ 
forte nn 


^twtun. of both Ikjius of the 


JJ.i 1 l * J Ur,wr **• locution of tho 
au °f toe radio--. 

/*- 


I'll. 17) lho -vimo til'll after reduction 
1 lit ro was aUo a chip fracture of tho htail 
of tho radius u hicli required open o|k ration 
and runotal of tho fra e mu>t 
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forearm, and in children in whom the lesion is commonly greenstick 
When both bones are completely broken and there is considerable 



Fig 374 Greenstick fracture of both bones of the forearm 


overlap, or there is comminution, it becomes a difficult fracture to 
treat Displacement is usually due to the direction of the force, 
combined with the action of gravity and the manipulations of 
the patient Muscle spasm produces shorten- * B 

mg and overlap of the fractured ends The 
displacement of the radius winch may occur 
is similar to that in fractures of this bone 
alone, and the ulna tends to bow in towards 
it Dislocation of either upper or lower 
radio ulnar joint ma\ also occur (Fig 372 ) 


Fig 377 A s-cond 

method for avoiding 
tlio approximation of 
the bones at the site of 
fracture A narrow 

board C which is wider 
than tho forearm is 
placed on tho inner 
aspect of the forearm 
and held there bj tho 
circular bandage 15 
which nl^o covers tho 
usual planter slab A 





» Diagram to 
vhovr the approxima 
tion of tho forearm 
bone-* produced b\ a 
circular plaster 


Fig 370 One method of 
o\ crcomingthedifliciiltj 
Two wooden rods (f inch 
n - J inches) are preyed 
into the planter slabs on 
either &ide of the arm 
and tho whole cov ered bj 
the circular pla-tcr 


Owing to the peculiar relationship of the upper and lower radio- 
ulnar joints which permit the complicated movement of pronation 
and supination alteration of born alignment is particular^ liable to 
be followed by limitation of movement the imposition of strain on 
the two joints, sub-cquent traumatic arthritis It follows that 
perfect reduction of the fractures of both bones is neccssirj if 
function is to be satisfactory In children growth will compensate 
for minor imperfections but not so in adults who require the most 
careful attention if -atisf ictorv result-, ire to be obtained The 


MtAlTHKI S Oh Tilt: IIUHIN AND V\,\\ H7 

dilhuiltua imuluo tti Dm t<udim\ ol Dm two 1mm a to how mtuoim 
aiiotlm duo lu idiim lo pull, and Dm pitssitio of a uiinlnt plnslt i , 
tlu* ti in It in \ In nos* union in luittmta at tlm simo low I , Dm 
di!luult\ in uduiiis both fiat lim a i tpialK will , and Dm liupunt 
fiulmv to (Mint K’liitiuiml tit ftn nut u h Itotatmnul dtli>nmt\ h 

p utu ulails dilluuU to uum t and most hupoitunl It is im|H>si|hlo 
tti tluiU its luluititm iiuliologiinlh , and it tan Im Mild with 1 1 nth 
that tlm onl\ wu\ to ho uitnm that it la uniutnl In to mo tlm 
inti Hoiking of tho boi»\ apitults ol tlm limtuud auifaus at opt n 
opuatiou 

DutiNOsm ’I hit in usually atialglittoi waitl In ihildton tluio 
uut> lm wi\ httlo dtloiiiuh, Iml wlutt Ditto is, tm attounl ol tlm 
imoinphto nut tit u ol tho fiat tuio, it la !l\td, and laho motion ia not 
tit tt itahlo 

Till v 1 Ml \ 1 I’tiftit it tlm lion must ho kopt tho goal ot all 
nuthoda Nomwoua nuthoila ha\o hull tloustd to atluovo tlm 
and uio udaptahlo to tilth mso Tilth taso h a aopaiato piohlem, 
ill whith tho dt f«»i nut > pit stnt, tho t\ po ol liat tuio, tlm low Is ol tho 
two fiat tuns, and Dm digit o ol Milt tiaauo mjun must hotaiolulh 
toiisitltitd and Dio uppiopiinto di union it at )u d ’I ho mmlahlo 
nuthoda will ho oiithmd, tho toinhmationa til tin so nu thoda possihlo 
tan onl\ ho hutl!\ distusM.il, hut will, l hopo, ho aullhunt to 
stimulate mttital m tiuh taso aa a sopinato piohlom 

Ctsis WIlllOl t Ulsii UMMISI It is luttaaan Iioio to mold 
difoiimt\ fiom Dm pull of muatlta, tho at (ton ot gimit\, and tho 
pitssuio of tlm aphiit Tlm loitatm la altadiul l>\ gt htlo tint turn 
aa hu a Colli aa lint tuio and a pluatoi applnd limn tho iilotiuaipula 
to tlm tllxm It la auhswpu ntl\ lontmuid ulimo Dm olhow whon 
1 tho tuu turn la it It ust tl Two mothoda ma\ l>o adopted to mold 
tho pitHHiuo ol tho i mitlm handiigis mu lowing Dm iutoioasooua 
Npmo, and Ditho uio allow n m l’lga |70 mid 177 Tlm ioioaim ia 
moat Hut irtiut t«»i il> i it att <1 in tlm mid piono position, whith iela\es 
u« nmn\ muatlta aa poaaihlo Tull auplimtlou lata Dm udwmlago td 
maintaining tho mtoioahinua apato at ita widest, hut thla ia not 
nuissuiy m tiiHtMiii whith tlmio ia no diingei ol tioaa union In all 
olliu uiMta, how own , Niipiiiutlun la u aaloi poaltiou than pioimliou, 
not onl) lot tho itaaon giwm, hut houuiao piomition tan ho mm 
ptmjitul lot hj tho ahoiilih i, whllo atipiimtioii tuiiimt Tho pluatoi 
liming hi t n toni|ilol<d la < timed in a sling It la loplntod aa woon aa 
it htumua Ioono, tiuolul watth Imlng Uopt Ini insulation In elmok 
nuhogiuplia Ita mi uuoiito domamla loplaatoi oi Dm adopUou ol a 
method m whith intention ia hotloi unit tolled 

C\his wan niHi'Miu mi M« Hodm Don mm ho t an led out 
tmdti ana atlit am m it aimilai muniuu, m b\ tlm uao ot skeletal 
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T 'r on ,s ~^n sM 

are completely broken and there i, considmbl, 



Pio 374 


Grccnstjck f.acttm, of boll. bone, of the force™ 


ue:f p c l a« 1 tr , :TuM t ;; n d:: , ;: c i; nes , a d,fficu,t - 

combined ruth the action of ^ t , <l ! rechoi > ° f «*e force, 
tile patient Muscle spasm produce's shorten ma,1, P u!! ““™ ° ! 
mg and overlap of the fractured ends The 
displacement of the radius uhich may occur 
is similar to that in fractures of tins bone 
alone and the ulna tends to bo» i„ towards 
it Dislocation of cither upper or loner 
radio uhiir joint in iv also occur (Pm 570 j 


IG 377 A second 

method for molding 
tho Approximation of 
tlio hones at tho si to of 
fiactuio A narrow 

hoard C winch is wider 
than tlio forearm is 
plated on iho inner 
a pout of tho forearm 
and held there bj tho 
circular bandage 15 
winch also covers tho 
usual plaster slab V. 





tio 177 Dingiatn to 
show tho upproxmm 
tion of tho fort arm 
Ikmus piodutcd li) a 
circular plaster 


1,10 3,(5 ° no method of 
ov t r< onnng tho diflicul t \ 

Two HiKidin rods (J md, 

) ,ltl »es) nro pressed 
into tht plaster slabs on 
uthor side of tho arm 

tho ' f 'J ,,ok t <0 '‘ndh> 
tiio nrcular plaster 


uhnr joints »hich7w™it r the^X°t^[°, ,,,>l ‘ 0r “'t' 7"°'' l "' d '° 
ind supin ition liter ltion of l M >m u, nm em ent of pronation 
he follow ed bj limit it, on of 1,7 " 11 ,r, ' cuhrl > 

the two joints, subduct tr^IT MhZT' Tt^'VI 
perfect reduction of the fr.ctu.cs of 1)oth l)ont , ,, ^ ' * h J‘ 
function is to lie sitteficton In chililtnn u ™ 11 

for minor m, perfections, but not so in adults w ho iciuimXnmlt 
cmcful mention if sitisf.cton .esults ire to ho oht mud The 



i"i< Live of uitramnliiUiuj ivirMlimruin uluiui in fnutun it of i>otf i 

lioiu.4 of the formrin I)i*plai«.iiunt of imliiiit iiLiiilluunt to uuiiatit 
oi>ui operation ami owin ra to lumiiimtition taxation would ho ilitluult 

trans\ei->e the other obliqnt one oblique the otht t comminuted and 
^soon It is possible to h\ one hone usuulU the ulna andifthueis 
little displacement m the ladtus kite it alone ('em moult com 
Lunations of methods ad ipted to the ttpc of fiat tint ate employed 
Methods 1 Single tcrew fixation Adapt iblo to obhoue 
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traction (Fig 384) The vires are inserted m the olecianon and 
through the metacarpal heads, or through the lover end of the radius 
and the ulna By traction and manipulation under radiological 
control a fairly good position of the bones can usually be achieved, 
though lotation is still likely to remain uncorrected The chief 
disadvantage is the liability to recurrence of the displacement ai 
soon as the traction is released while inside the plaster In order to 
maintain control of the bones the wires may be incorporated m the 
plaster, thus making use of fixed distraction Tins is undesirable 
anywhere, and particular!} m the forearm where it is likely to lead 


rv. 

I ,r">A 



Flo 37 S Irat-ture of both bones of the forearm w jth dislocation of the 
loirer radio ulnar joint n P vion- 



tl< 37'* LnttniJ v mv of the haiji< co"i 


to non union of the ulna Control of the fragments bx pins which 
sciev into the bones and enable the. angle of the fracture to l»c con 
tiolled and which cm be incorporated in the piaster is moie satis 
factor}, but seldom produces peifeet reduction 

Open operative methods Three principles must be homo m 
mind, cirlv and perfect reduction minimum soft tissue disturbance, 
and the imparting of sufficient ngidit} to the bones b\ the fixition 
used to lender the need for plaster except as a piotcctmn mmetes 
bony The ulna tends to bow moie readil} than the rulius and 
requires stronger fixation to maintain its ngidit} A transverse 
fracture in the uln v is not s itisfuetordv fixed by t single screw but 



huciukls oh rm: kadils and llw vu 

J PbtUx ur hour *jrnft* Hii«< ha\c the adxuitvc of restoring 
llic ngiditv of lh« Ixme uni Huh m puticuluh xihnMchere Thev 
uc 1111)1.1 (<m\i nit nth applied to l he ulm which forlmntch 
is the 1110-t nnjKiil nit N.ne to l>\ hut nm lie applied to Nith 
boms I he radius is nit live! to fi<ilitit< the application of the 
gi ‘ft 

l Ivtiaumhillnru h\r*rhntr mi u* IIiih is a partiruhrh useful 
nut hod for the ulm, whin the wm on 1>e brought out through the 
alteration hut is Uss Mtisfaitorx in the radius where it must lie 
brought out in the \uimt\ of the Mtloid jiiocxm The Nines arc 
exposed is for ojkii opcntion hilt through a murli smaller memoti, 
i long sterile hirsihmr wm is inlnnlrntd down the. proximal frig 
mint md m idc topiotrudc through tin olirrmoti It is withdrawn 
till the end just disipjn u h from xkw nt the frictme line Hie two 
bones m thill unit itch nduetd uni the win. pushed ncrov* the 
frictme line to lock the N»nis in jKi-ition lhc fort irm is then put 
m phskr It mil,; the wire protruding Whin union is lirin enough 
to preunt rot it ion md deformity the win is nmoud, usually 
hctwttn tin. fourth md sixth wttk 

In 1 i,:s Nl, Jh 2 different tonihm itioiwof the methods disc ribed 
which prodmid sitisfutory n suits arc shown 

Union is slow, t iking four to eight weeks in children and six to 
twche weeks in id ul Is 'Die ne inr the fracture toe it he rend of the 

bone the more ripul the union Delated union is common, and is 
treated h> itpt ited plasters h\ lletka drilling \n unusual mid 
serious complu it Km is the ociurnmc of crovs uiuon hetwctii tlio 
bones, due to the Inmatomi around both boms hung continuous 
Ossiiicatioii occurs m this, and the Nine* hecoine connected h\ u 
♦ firm bir which pit \ cuts proimtioii and supination \ftcr time has 
elapsed for tins hone to liecome well organised its opentue runoxal 
is the 011)3 hope of tuio 

Separation of the cpiph>scs of both bones 'Ibis nu\ occur up 
to the age of sixteen ye irs 'lhe tieatment is similar to that of 
separation of the radial epiphysis alone Tlie ulnai cpiphjMS bung 
firmlj attached to it, they me easily 1 educed together and the 
position in untuned by 1 shoit foie uni plaster, with the hand 111 
slight palm ir llexum 
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‘*Oi« tat toil foi tract mo of tlio Okeianou, ’ Bnt 1/ J 

I rirtuiti of I ho Oh uaium ” J llonc and Joint SW7 , 
{Krcominciwiing fa-.ua lata miKul ) 
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fractures and to half oblique, half transverse fractures, and sjnra 
fractures, of either bone Single screws maj be used m fcransv ers< 



Fro 3b3 Fixation of the forearm in difficult fiacfures with two tbin 
Stenunartn’s pm« incorporated in the plaster The dotted line 
indicates the site for the wooden rods described in Fig 370 
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LHAm.it x\n 

MAG 1 URLS AM) I) 1 S 1 OCA I IONS 01 'I III. CARPUS 

Surgical anatom) lh« rotnp]<x ntlKulaiion* of tl - mpd 1x*n^ ullo«* 

mi injur* ihf ttmif* <il itmn\ join! |*ifh* nwl thi *. (• JuilJilh /i yrlmn 

of tin In UK <i mIikIi llinv 1 h I allows a inulliphritv » f I •'*« in l'» I*" 

ill \< Injxsl \h a gind' «4> til"*' tli" follow III* 1" lilt* mil t v not' I Tho 
proximal Imiiii * of tin wu t, tmvitnfw, luivit' tm I tfi'pi'tnmi nvli fn\< a 
I irgo dnuh|> cure <s| mtimlnr ait i for nilirnlalu.il with tin* |ou>r«l»d »>f tl <* 
rial ms, anil tin tn ui*ulnr lilma ailil i»" Iln* ar* x t* nv it* < xt< iimv* <**» t !•*> 
iliilMim, and it allow* ll< xioii and < Atm ion, nml alfdwlinli mid adduction 
at tin wilt Iln In*" nit x of iiitiriililin^ Imtu, con <«|in nth tudm 
’ dislocation nt lJn«iJi %• 1 inofi /n«|Uiul limit ot tin* i»l« uj'd or r »rj«o in tu 
c irpd I< \« 1 

Till capital* lit h uyjo n sock< t fonixsl 1>\ tin n iv icJilnr, lunati and hamate 
und terminal flixnni and aUinum of tfio wn*t occutt* at tins joint It is 
blroni,!) it sistunt to lull ml kIkiiii, hut unti nor or nor didocatu noun 
occur at thin It Ail Iln iiuvicul ir In * ns a hncli pm across tin twocirp-d 
rou«, M rough miaul i1«*l with i ich low, and fntmuig a lumj link Ik t«un 
tin in H follow b that in sit Jims on tho mt< rraijsd joint it is Mihjrct*«l to 
hcuw diuim* fonts and not mfitspu nth bunks ut thy waist, Mich a fact itru 
hun* lucomp iiuoil l»\ iliKpluri iin ut In iho tiioru common It-smii of tho 
nnvjtuUr, it i*m<nl} mjuisjusI \ ml. nth Intuitu tho tarjMil lx>n«s ami thy 
lower i ltd of the nuliui J Ins it Mills m a tiMiirc of tho < uici lloils horn tho 
dcfoniutv produced lanig uiMithcnnt to niptiiio tho until i*iiums uijhuIo of 
tho bom mid disjilmiimut is tu KliKihh l In so an tin fnu tutes which it 
is dilhcult to Nt) rinlit)Io*iralh iho articulation of tho car|*o metacarpal 
jomtH is an lingular Inn, which will similar)) n sibt laltral strain hut is 
Mtscc i»t ihlo to ilinlocat ion in tho \ l* plain Iho tli*l tin tacarjml has a 
* M l ,aral < siddlt shaped jomt, wln.ro it artiuilatis with tho iimltniiguliiiu 
major 

As it is impossible m i book of this m/o to go into tho mimtious 
lesions which occur in tho carpus they will ho hrioll) listed, and then 
the inoic common ind important lesions deseubed 'Iho figmcs 
gi\en, taken fiom •Scluu.k, indicate the fictpiemy of tho lesions 

Fractures 


Navicular Old and now 234 
I unite llod> and pottcuor pioccss 82 (loo 
pohtonoi tubciclo of tuquctnim wero me hided) 
Triquetrum 18 (loo km) 

Pisiform 13 
Multangulura major 13 
Hamate 10 
Capitate 6 
Multunguluin inuior 1 


high liuctmcs of 
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General 

IteiN “ Fractures of the Foicarm," J Bone and Joint Stirq , 1035, 17, 272 
Sowuls “ End Results of Fractures of both Bones of the Forearm,” J Bone 
and Joint Burg , 1934, 16, 193 

Ctr«NH*GHA3i ‘ Fractures of the Ulna and Dislocation of the Head ot the 
Radius,” J Bone and Joint Surg 1934,(16, 351 
Naylor, A Mlonteggia Endure Bnt J Burg , 1942 30, 323 
Smith, F M 4 Monteggia Fractures ’ Burg Gymc and Obstcts , 1947, 35, 
630-640 



lIUrilKLS \NI) DIM (HWl IONS OF HID S V n 

iH.mtu 'Hum. i w» form .so j*r (cut of the c imm met with inrl do 
extnmih will if immobilized in piaster It i-* nbv urns from the 
fict lint the c utihjnnmui cnvtlojic is marK tlwivs putlv intact 
tli it it is iiiiiitccs<*ir\ to h\ the thumb m the pi istcr t i-c to obtain 
adupi it<* it st for union to occur 

J luVCTlltlS Ol Till \\ VIST WITH MSI I It! Ml NT TIlOC arc 
due to fruturc of the lxmc isMiciatcd with a subluxation or sprain 
of the mid cirpil joint, tlic navicular licing Miippcd as the con 
nccling link lietwccn the two m«i (Compile with ]*ri lunar 
disloe it ion of the wn->l ) The displ icuncnt is obvious or up|*ciri 
nnnicdi itcly or ifur i uluitt interval us nn chptuil clc ir space 
between the boms In the past this h is often beta considered to Ik. 
a sign of bone erosion it the fruture line, but 
is due to the hlndown product d bv the tntrhmg 
mirgms of the fi ictutcd Ihiiio us the eentnl n\ 
p isses oblique lv through the fruture site It is 
m indie itioii of ilihplucinent uul there is con- 
sequentlv grt iter risk of non union 'I he sc* e ises 
dem uul leduelion uul i longer jicnud of inimo 
bilisution to secure union To l>e safe it is neces- 
sary to immobilise the thumb to cm Jude nil 
possibility of movement nt the wrist It is in this 
group of uses (h per cent ) that t irly opcntion 
can produce mole ripul and more eert mi union, 
though the lmal results except m skilled and 
practised hands aic not much improved 

Avascular necrosis lailurc of the blood 
supply to the pioxnnul fragment results m a delax 
1 ui union and may result m a\ asculur necrosis of the 
proximal pole Tills is a bcnous complication as it 
prevents union and usually icsults in u rapid biciikdouu of the 
radiocarpal joint Ihe blood supply to the navicular enters the 
dorsal burfaee along a groove which crosses the waist of the hone 
obliquely' and leaves the proximal polo to obtain what nourishment it 
can through the navicular lunate ligament It is ow mg to the fact 
that this pole is largely covered in caitilago that a blood supply 
cannot develop through the foim.it ion of adhesions The caitila- 
guious portion of the bone survives in the tissue lUnds, thus making 
an effective burner to levascuhuis itiou fiom that aiea Revas- 
cularisation can thus come only tluough the fiactmo line, or the 
^ navic ular lunate ligament Not all fiactuics tluough the pioximal 
pole, and only a few tluough the waist, show avasculai neciosis and 
its onset is determined by other faetois than the fiactuio itself 

v ascular necrosis manifests itself by the series of changes piev iousIv 


x 



Hu ImI Hiutiin' 
• It I K I II t Il« 
imv u ii Ur 

\ Hue turn of ll»c 
ml* n> it> 

11 h riu tun* ul llio 
Mill < CUttlll* 
llio lini. of llio 
nut no lit foru 
tittiut 
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Dislocations 

Lunate Old and new 25 

Lunate and navicular dislocated 10 

Dislocation of the lunate and fracture of the navicular 7 

Pisuorm 6 

Triquetrum I 

Capitate 1 

Dislocations of the wrist, anterior and posterior, at the carpo metacarpa 
carpo carpal, and radio carpal joints occurred only once each 

In discussing these lesions the general principles will be firs 
outlined, and then the individual, more important bones mentionec 
In the case of fractures there is generally little displacement 
and the treatment consists in immobilising the wrist m moderat 
dorsifhmon until clinical and X-ray evidence shows that the bon 
has united This will be elaborated in the description of fracture 
of the navicular In fracture dislocations the dislocation is redueec 
This is usually accomplished by steady traction, under local c 
general anaesthesia, accompanied by manipulation and pressure wit 
the fingers At the same time any displacement of an associate 
fracture is reduced, and the case is then treated on the merits of th 
fracture In dislocations alone the reduction is accomplished a 
outlined, and the wrist then immobilised in plaster for tliree to fiv 
weeks, while exercises as for a Colies ’s fracture are earned out 

Fracture of the Navicular (Scaphoid) 

This is the most commonly injured bone in the wrist, the bod, 
being broken in the transmission of force from the hand to th 
radius Fractures of the navicular consist of fractures of th 
tuberosity and of the proximal pole of the bone, forming 12 per cent 
of all cases, the remaining large majority (88 per cent ) benii 
fractuies of the waist of the bone These are the most importan 
and interesting group and are subdivided into two great classes 
1 FRACTURES OF TilL w VIST VYITHOtT DISPL VCLMLNT Thes. 
are due to falls on the hand in which the weight is transmit tet 
through the navicular to the radius The bone is squeezed betweej 
the carpus and the radius, but cannot be deformed or displaced 
being well supported on all sides As a result a crack m the can 
cellous bone occurs, which in a great many (ases does not mvoI\< 
the cartilaginous envelope of the bout As a result the fragment! 
are held m exceedingly close apposition and difficulty may b< 
found m discovering the fracture m the first radiograph The 
importance of the central riy lung in the plane of the fracture 
is obvious and three or more views arc necessary to ensure this 
These facts have often been proved at o|>eritton where in spite o; 
r idiologte dt vide nu of ft utmt not Mini il t-v idem c of fi iftuio < in 



nnri this \m> dim (Kaurovs or mi. < dirts vn 

| >v -e of the hi -1 met i< Itp.ll Hwxlv the imuutir h fractured m 
iK-omtnm with other Ic-ion**, which nnj l« di-lo< itioiw of the 
lutmte*, or of the un*t, frai tints of the lower end of the niltii-* or 
of the styloid process of the ulna, or the Ikhix nnj Ik; involved with 
others m complex crushing injuries 

V It vx IM | <STIO ITfON Iht film* lllll-t 1*. of g'*>< 1 dlJlIljIlOfl, 
md of MilheKnl cht ill to -how the boil} trvlicuili Owing to the 
ficl tint the frutiire line ih -unit times oblique it mn\ not -how tip 
m cert mi po-ilion* hi tint it is nt(t**<ir) to radmgriph the wri-t 
in in oblique position in well in the lateral mid \ l* | motions 
Die fracture m i> 1 k» obvious or require i careful -i irch with n It n- 
In sc irchuig, the thin layer of coniput lxme inu-t l»e ucuritely 
followed When, in spite of i fugitive* \ riv, signs md symptoms 
run nil, the wn-l dmulil lie* rested ill pi i-ti r for thn e weeks anil then 
re \ rvytd If i frulure his lnui prx-uit tlicie will l»c -ulli(unt 



fru» Iss l’ln t«r for fruit un oft liu imwuilnr 


dccalcific itiun along the hue of fracture to make it obvious in the 

1 bccoud ridiognph (Fig Wl) 

Later filin'* may show varying tie glees of -ikro-is and rarefaction 
in the bone which may bo intcipieted us the sequel e* of wisiular 
change-} iround the fractal c line This luis been mentioned 
especially in eonneetion with the small fragment ncai the lunate 
Both raicfdttion and patchy seleio-ih on either hide of the fruit m o 
hne will disappear with adequate linmobih-ntion, and healing can 
only be fcaid to bo complete when tiabecul.o can be seen to uo&s the 
hne of fracture Scluosis of a uniform and continuous typo on 
either f»ide of the fr.ictuio lino is a sign of complete non*imiou 
aixd an indication that unless some tioitnient is given bony union 
vvill never occur, and is going to ho \eiy diHicult to acluevo if 
^ treatment is instituted 

The significance of the chptical shadow appealing at the fiactmo 
hne has already been mentioned Gauging union is not alw ay s easy , 
and a decision to '•allow use of the wrist is often based moio on the 
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outlined (p 17), and finally by a hypercalcification of the fragment 
In this ev ent the remov al of the fragment may be indicated, though 
some remove the whole bone If gross traumatic arthritis of the 
wrist is present it is probable that the case w ill go on to an arthrodesis 
of the wrist # 

The fracture has gained a bad reputation from the fact that a 
great many cases have been unrecognised, and consequently 
inadequately treated, and many cases have been treated over an 
insufficient length of time to obtain union Unumted fractures of 
the navicular are pamful, and result in a feelmg of weakness in the 
wrist, while in cases in which the proximal fragment undergoes 
necrosis a seriously disabling arthritis of the wrist is set up, which. 

will be sufficient to totally mcapa citato 
a working man Recently it has been 
showm that prolonged immobilisation 
will cure the most obstinate cases unless 
sclerosis of the fracture line is present, or 
there is degeneration of portion of the 
bone 

Diagnosis Following a story sug 
gestive of Colles’s fracture the patient 
will be found to complain of pam which 
will be maximum o\er the “ anatomical 
snuff box,” i e , directly over the navi 
cular, this being the most important 
clinical sign In most cases the fact 
that the lower end of the radius is free 
from tenderness can be found by careful - 
pressure The swelling is confined 
mainly to the radial side of the wrist, 
and the obliteration of the anatomical 
snuff box is easily seen by comparison 
with the opposite wTist All movements 
of the wnst are painful, but abduction 
particularly so There is pain on grip- 
ping and w'eakness of the grip, and there is always pam if the 
patient is asked to pi ess firmly on the thenar eminence Once 
seen the sy n drome will be readily recognised, but a few atypical 
cases occur, and any lesion of the wnst displaying one or more 
of the features mentioned justifies an X ray examination of the 
wnst 

Differential diagnosis Lesions producing a similar picture" 
may he a severe sprain, fracture of the tuberosity of the navicular, 
fracture of the tip of the radial styloid piocess, and fractmcs of the 



Fio 3s7 Testing for fracture 
of the run icular Weight 
bearing on the thenar 
placed on the comer of the 
table products pam 
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the pitiuit s wink mic-it iUi |iuttni(t the li uul in Miter, " ( ntci, ' 

1 (.oinjKMiml nf ulluln-< in mctoiii, nm Ik, iimxI It h «!m< m 
diving, 1ml unptmous to w »Ur 

Dining tin jmukI of liuinohiln itiou in plasWr it i« ncce-sir}, 
pirticuhth in the old, to giw ixcnim t#> the tii^M and other 
joints <if the inn us n* t un of Guilts h frirtmc Iniiunhili-* itinn it 
< in it<l out on lilt s luu s for suiiuuU, tin pi i**t« r h t lit n ri moved 
ninth gi\t s opjioit unity to inspetl the -Kin and e-tun lit the t linn'll 
improvement Hit* urM is \ rnul mil if thin is tvidcncc of 
ohhtiritum of tin fnrtuie lint , md pirluuitrh if tr ilm ill »• r m l»c 
Htn to truss tht fi it tun line union e in Ik said to Ik. ‘•omul 'l he 
thingcsin the hunt oiithiittl pruunu*!) must Ik wutchid for mid 
if found di in uni fmtlitr immobilisation, till I hi) haw t It mil up or 
Ikuuiil jk mi uh nt whin olhtr methods inii-l l*c mid biuon at 
* the uul of m. \ t ii \uxU is ofttn MHiiul if not the wrM it iniino 
hiliHil is btfoiv for i furt lur four weeks \t the uul of this 
period the c\ munition is nptittd and, if sitisfutorx, the 
pit it ut is j»iu n i tliim il tn il of the un-upiK>rtcd wrist , if urn itis- 
fittory, the jih^ttr is r< |k itetl 'ibis is continued up to a |K i nod of 
eight months, wilt ii the most 
ohstinite frit tuns will usu ill) 
line united If not, then other 
methods must 1>e ulopted to obtain 
union If the pitient on eluutal 
tral gets lncie mng pun in the 
wrist with me it is a sign that the 
union is incomplete and the \ rajs 
■uc cue full) re e\ mime il uul the 
I wrist further lmmohihsed fur four 
week* 

Deli) in union mi) lie duo to 

(1) Late lnstigitum of tieitmeiit 

(2) Inidequito lmmobilis ition 

(3) Avasculir degeneration in j>or- 
tions of the hone (4) Gem ral 
bony dcgeneiation in aithutic 1 1,1 J ‘ n ,J “ l « ]>( > no ‘lulling for 

<iniii»l< <1 fnicttin* of tlio nnw 

HI,slb mlur mult r tho hi uni 

In the lust two gioups eon 

tinued and mine satisfuctoiy immohilis vtion tin bo tued if time 
n no evidence of established non union, i e , seltiosis of the fiactuio 
surfaces with smoothing off of then outlines and even the foimatum 
of a thin lajer of compact bone If these aie pie sent finthu nn 
mobilisation is useless and the functional capacity of the wust 
s io lilt l tx given i cluneal tual In many cists m which no heavy 
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absence of signs of delated, union in a case adequately treated than 
on definite appearances of union 

Treatment Cases without displacement Firm fixation in a 
plaster, which extends from just below the elbow to the heads of the 
metaearpals, with the 'hand in moderate dorsifiexion, and the wrist 
sliglitlj ulna adducted, will, if maintained long enough, result m 
union in all but \try old cases There is considerable discussion as 
to the necessity for immobilising the thumb In unskilled hands it 
is possibly safer to include the thumb metacarpal in the plaster, but 




tic 3»a 1’alinar \ jew of the tic 300 L«iteial\ic« 

bame planter >,oto that of the saino pla ter 

the thumb w left free 


we ha\e had no difficulty m obtaining boiry union in the usual tune 
m cases in at Inch the thumb lias been left entirely fret In such cases 
more than usual care was taken that the plaster fitted aceuratelj 
around the outer side of the fifth metacarpal and the thumb side of 
the second inetac irpal, so that abduction and adduction at the wrist 
uere complete!} prevented and tlio firm liar across the palm of the 
hand was carefully watched and renewed as soon as a tendency was 
shown for the hand to tome aw at from the plaster This usually 
necessitated a renewal of the plaster at tile end of the first week -j 
w lien the swelling had subsided and again as often as was necessary 
In a mill doing hcaa a work this was often ctert ten days or so If 
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the i ut lent * work nett** date* putting the hind m w iter ( \~tcx 
, i icmipmnd of ttllul"*e m Ketone inn lx? u cd It i-* -low m 
dmn. lnit imi* m»»u* to water 

During the (unixi of immobilisation in pli-tcr it 1 * ntcc**an, 
pirticuhrh in the oM to cue c\cn i*c< to the tinker* in« 1 other 
joint-, of the arm i* in ca*< * of (olle** fruture Immobilisation i« 
earned out on tin *<■ line •» for -<\cn week* t ho pla*t< r i-* t lu n rcmoicd 
w huh gne* op|»»rt unit \ tom |K*<t the *kin uni e*tmnte the clinic'll 
ini|mi\unent The wn*t i* X rned and if there 1 * cwdencc of 
nhhterition of the fr let urc line and pirtu ularh iftril*ccul» cm k 
*een to <n»** the fricture line union e in Ik *nid to l»e *ound The 
dunce* in the l*»nt outlined prc\iou*l\ inu*t Ik, witched for ind 
if found dem md further imtnohiU*.itio», till tliei hue cle ared up or 
become jKrmimnt uJitn other method* mu*t Ik u ed Lmon it 
* the end «T HVdt week* i* often *oun«l if not the wn*t i* inuno 
bih*cd i* licfon. for i further four week* \t the end of thi* 
l>tnod the c\ munition i* replied uul if viti*fiet«>ri the 
patient l* gnen i clinu il tml of the un*uppirtcd wn*t , if un-ati*- 
ficton the pli*tcr i* rep ited Ihi* i* continued uptoi pnod of 
eight month* when the mo*t 
ob*tnute fricture* will u*inll\ 
haie united If not, then other 
method* mu*t Ik. lelopteel to ohtim 
union If the pitient on clinic il 
tna! get* mcrei*mg pun m the 
wTL*t with u*e it i> i *ign th it the 
union i_* incomplete mri the X raj* 
are canfulh n.-e\immed ind the 
« *vn>t furtlier muilohili*ed for four 
week.* 

Delaj m union mil Ik. due to 
(1) Late instigation of treitment 
(-) Inadequate immohtlL*ation 
(3) Ava*cular degeneration in por- 
tiona of the bone (4) Gcnenl 
lx>n\ de-gencntion in irthntic F “ 3J| ljcre drilling for 

u -_ t uxmnit.tl fractan. of the na\i 

’ " cuL*r umlcr cl*e -<.r« n 

In the fir*t two groups con 

tmueel and more *itL*factor\ immobilisation can be tried if there 
h no evidence of established non union i e *dero*i-» of the fracture 
surface^ with * moot lung off of their outline* and e\cn the formation 
'■'of a thin laicr of comjiact hone If these ire present further nn 
mobilisation is u-cles-j and the functional capacitv of the wn*t 
* mutd be giitn » clinical tnal In mine ci*e-> in which no he i\\ 
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absence of signs of delayed union in a case adequately treated than 
on definite ajipearances of union 

Treatment Cases without displacement Firm fixation m a 
plaster, winch extends from just below the elbow to the heads of the 
metaearpals, with the 'hand in moderate doisiflexion, and the wrist 
slightly ulna adducted, will, if maintained long enough, result in 
union m all but \ ery old cases There is considerable discussion as 
to the necessity for immobilising the thumb In unskilled hands it 
is possibly safer to include the thumb metacarpal m the plaster, but 
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we have Iiad no difficulty m obtaining bom union m the usual tunc 
in cases in which the thumb has been left entirely free In such cases 
more than usual care was taken that the plaster fitted accurately 
around the outer side of the fifth metacarpal and the thumb side of 
the second mctac irpal, so tli it ibduction and adduction at the wrist 
were completely presented and tiie firm bir across the pilm of the 
hand was cirefully watched and renewed as soon as a tendency was 
shown for the hand to come aw ax from the plaster This usually 
necessitated a renewal of the plaster at the end of the first week-" 
when the swelling had subsided and ag un as often as w is ncccss iry 
In a man doing heny work this was often every ten dux-, or so If 
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demands are placed on the wrist the result will be moderately satis 
factory If it is unsatisfactory, excision of the proximal pole or of 
the whole navicular may be carried out , though this is not likely to 
produce a strong wrist, it may relieve pain After eight month’s 
immobilisation there is httle value in keeping the wrist further 
immobilised, and a clinical trial should be given as in the case oi 
established non-union? 

Where avascular necrosis has been the cause of the non union, 
excision of the proximal pole should be carried out The earlier 
this is done, * e , the less the degree of established arthritis the better 
the result These cases are best treated by immediate excision of the 
proximal pole as soon as av ascular necrosis is diagnosed, that is in the 
first four to six weeks Where there is a general arthritic conditioi: 



in the wrist, ankylosis is the only alternative to palliative measure: 
such as the wearing of a moulded wrist support or wrist strap 
Fractures with displacement Satisfactorv reduction is not easi 
to accomplish, in an} case with displacement in two planes If tin 
displacement is in one plane the position can often be made satis 
factor} b} putting the hand in ulna deviation It is the displace 
ment present in the lateral view which is difficult to control, because 
it depends on a disturbance of the mid carpal joint It is for tin: 
reason that earl} operative interference is advised, as under radio 
graphic control perfect reduction can be achieved by manipulator 
of the proximal fragment b} means of the pin inserted into it II 
can then be locked m position and the graft inserted In the oper 
method the reduction is visual and a graft from the st}loid process o: 
the radius is used In the closed method special apparatus is ncccs 
wrv mil considerable skill in its use is requited before i good gnfl 
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c\n be im-titid Unfortunately though the immediate rc-mlts of 
gritting apjK xtxd fur, the long term n. suits arc bad, due to the 
development of a radio carpil arthritis and the method has been 
ilnmst entiulv given up 

Dixphccd fnctmxsof the nnicular have a much uort prognosis 
thin Hit \mdi-p1ated due to the fit (pie tu % of nonunion and 
meu ansi risk of i\ i»cul ir necrosis Wluri in cro«is of the proximal 
pole develops t rrl\ ( version is ncommemhd as in undisplaced 
frrctmv* \ longer period of immobilisation is nui-v-irv if muon is 



til* P*x tract ur, or tin 
tulMn>Mt\ of tin 
iw\ icular 


tin 30 J Kriluiwr «li location of t)i< 
wriot (tij. -MU) uccoiiijuinml t>\ fruc 
turt of tlu navicular unit follow isl 
n>]>i<ll> 1>\ tlio unpinmmt of lvun 
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* to occur and this may take is long us fifteen months \gtun 
positive evidence of non union makes persistence* m immobilisation 
useless and the wrist should be given a trill as it um\ function 
mode rat civ well with hhrous union Late grafting w ill produce even 
moie uns itisfactoi\ results than e irly grafting '1 rented us outlined 
only a \ei\ small peieentuge will show such i degree of arthritis that 
the patient is seriously crippled, and demands further treatment 
This may consist of excision of the proximal carpal row, or art In o 
dexis of tiie wrist Recently excision of the radial st\loul has been 
tried to relieve casts with a localised arthritis but it is too carl) to 
speak of the results 

Fracture s of (he tuberosity of the naiiculur arc rarer than fractures 
r' ** ie k°dj The symptoms resemble a lurid fracture of the body 
and tin lesion is detected oil the antero posterior X ray him 
Immobilisation for three weeks in the position used for fractures of 
the body pioduces union with no disability 



iiuriUHis \M> 01 I)!h 

to the \uUrosil> uf the 1 >oiic licing involved 'Hit Hiiuc-Mful 
recognition of the Usum dtjands on good r idiognphv , uitli it U ist 
one addition il oblique view of the wrist 

Divimimh the condition i ircl> occnis alone and its signs ire 
tisu iti\ in iskvd h\ the uwic i iti d k sioii 'I he most c omiiton i««) »ud 
lesion is the fi «tmv of the do/sal tubercle, which products •.willing 
uni pun lot ilisul to the iilnir sjile of the wrist 'I Inn* is moderate 
pun on ill movement*, hut i wliil dcvntion and pilm ir lltxmn are 
most piiiiful Lmh ignored i i*a.s mix he seen with lompl nuts of 
chrome sprun and the fngmeut of the posterior lulu rile in i> In. 
lmst iWen for i xmiiicjii! in the l iteril him (I ig l‘H) Injurv to the 
triquetrum hlnmlii Ik. looked for in assmi ition with an\ frieture of 
the ruhus frieture** of the other c irptl hones, uni m < irpil <hs 
Joe itions 

Tim vtmi nt J jssure fr let uns of the hone should he treated in i 
Mini! ir in inner to frictures uf the limctihr of whith tho3 are the 
uliur eouulerpirt lrietures *if the tubercle and the tuherositj 
correspond to fr leture* of the tube rele of the n iv leidur and should \>e 
put m \il ester with the wrist in the ueutril position for three weeks 
Cluneal nonunion of the dorsd tubercle is common, hut usudlv 
b) mptomlcss 

\iascul ir necrosis, or changes Mini Jar to Kienbotk s disease, ire 
unknown in tins bone 

Fractures of the Lunate (Semilunar) 

This bone is the lc ist commonl) fractured hone of the pioMinul 
carpal row, and its lesions ire cquull} divided between fi ictmcs of 
, the posterior pole, often eonfuseif with fractures of the dorsal 
tubercle of the triquetrum md hbsme fr icturc s of the hod\ I'i ic 
tures of the posterior poL of the bone Jim) OLUir alone, but usual)) 
indicate tint thue his been mmked disjilaeemcnt of the lunate 
It nnv or mi) not luve lestoied itself to its noinidl position, so 
that the frictuic inaj be been m association with mueduted volai 
diblocatioiLs of the luiute (I*ig ^09) 

Posterior pole (tig -40J) Tins is a ligament tiuction frietuie 
and treated in a similar innnnn to the fiuctuics of the tubercles of 
the other two pioxmial cupil bones 

Compression fraiUn ex of the body These 11113 show displacement 
and narrowing of the bone which is impossible to lcduco ind which 
presages an almost inevitable neciosis of the bone and ladio carpal 
f/ arthritis The addition of the damage of ilLgeneiation to that of 
trauma may bo avoided b} curly excision of the bone, winch, while 
not producing a perfect icsult, is a gieat lmpiovement on fcho usual 
end result 
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Fractures of the Triquetrum (Cuneiform) 

This is a comparatively common lesion and forms 3| per cent 
of all cases of wrist injury In the past it has been confysed with 
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ih pul up in pli-tcr is tor i Colics s fracture for four to hie weeks 
'lhedilhculf j ofdi-lm ition iiwk ntccl w ith 'interior nml posterior 
mirgmil fr utmis of the i iduis hisliun distuned m the ehiptcr 
on the i idius 

I)i*.lo( it ion of the un-t is most communl} iwicntcd with 



hu 4 i» I'oUtior Hum of tin <uq>iM 

will out friu l»n 


fracture of the n i\ icu! ir md di-Ioc item of the lun ite The lun ite 
miy remnn ittuhed to the lower end of the radius by its lolir 
inti dorsal ligaments 'ihe line of sepiration inn> iro-s the both 
of the unituhr which is fnetured, the* «nmll mcdiil frigincnt of 
the nmculir then 

rein uning m position - 1 

with the lunate ’lhe 
wrist is thus dorsilh 
dislocated Icaungthe 
| lunate and fragment 
of tlie nuieuli 
contact with 
radius 

DuCrSosis 'Ihe 
symptoms xesunble 
tho&e of a hcierc 
Colles’s fractuie lhe 
irregularity of the 
WTist lies distal to the 


■" — 
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stjloid processes, and pilnmr flexion is giossly limited Theie maj 
be inability to extend the fingers, fiom piessure on the extensor 
tendons, or to flex the fingeis from the piessuie of the dislocated 
r 4 lunate Both tins and median none piessuie symptoms arc much 
greater m cases m w Inch the lunate alone is dislocated foiw ai ds than 
in the more common ease in which the lunate is dislocated with the 
radius, i e the wrist is dislocated dors illy over tho lunato 
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Moat cases of fracture of the lunate resemble fractures of tin 
na\ icular m that the fracture occurs uithm the cartllagmom 
em elope of the bone and consequent!} shou s httle displacement It 
mar thus be recognised m films taken three ueeks later after an 
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apparently normal first radiograph More commonly the condition 
is oyerloohed till ayascular necrosis of the bone is apparent Tin 
condition is indistmguishable from Kienbock s disease 1 I 

probably is the same thmg (Fig 403) At operation a In’,,,! w 
broken cartilaginous envelope is found surrounding a dense w] t 
core of separated cancellous bone This lies loose like a n" ** 1 
pod, and this detachment is in all probabiht\ the reason why f i* 
vascular supply fails to develop In some case-, it will be c , 3 1 

♦ nnU mvnll bc narl r,f U , SeC n tint 


the necrosis only involves part of the bone At operation these 


will show an mtact cartilaginous sheath to the livui" 


Excision of the bone produces only moderately satisfactory r 
as the arthritis m the radiocarpal joint tend* to spread SU S 



Dislocations of the 

s nf 


he 40 * DiJocation at the radio-carpal 

joint The continuous line indicate* the 

pure dislocation, the dotted line lie 
more commooh a^oemud fracture*. 

bv traction combined with antcro 


: Radio-carpal Joint 
The 1 *, may occur 

1 Alone (Fig 404) 

2 Associated u ith fract U n> 
dislocations of the carnal i s ° r 

1 Abated u.thlh' 
the lower end of tlic rad«„ , 
ulna ,U3 2,1,1 

Occumng alone, the J c jQj 
yery rare It is readily rt( j 
posterior pressure, and the 
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is put tip in pi »*d< r »** f i>i i ( 4.U( « •« fi i< tint for four to ti\e wet h* 
JJk di/lnulft *.fdi*lo< i lion omt/v! inferior uid jwHfrrmr 
in liquid fi it 1 tin s of tin i idius Ins Ikoh dwn-v-f <1 m the tlupUr 
on tin 1 i.uiiUH 

Didoi tlioti of llii uri't is mo-t roiinnnnlj iwici itcd with 
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Nit It <ll | - (III Ml 
will ml f i At (no* 


.( tit 


If | Ml • 


fracture of the n i\u nl ir md di-hu itum of the lun itc 'lho lun ite 
mn ruium itlnlud It. the lower uid of the radius h\ Us \ohr 
uitl dorsal ligmuiit' 'Jht lint of m p ir.it ion mu\ ihm the both 
of the imiuilir wlinli is frutimd the small imdul fngimnt of 
the mwuihir thin 
rein iming m po'ition 
with the limit*. The 
wrist is thus dorMlix 
dislocated, It mug tlie 
i Innntc and fragment 
>. of the nuiuilar in 
contact w ith the 
radius 

l)i von os is The 

fjinjitoins lcscmhlc 
those of a set etc 
^oUeVbfrvetuie 'Hie lm too 
^regularity 0 f Hie 
wrist lies distal to the 
d-jlind processes, and pulmai llcxion is gtosaly limited Theie maj 
>e inability to extend tlie hngcis fiom picssuio on the extcnsoi 
endons, or to flex the hngcis from tlio picssuio of the dislocated 
* UInte Both tins and median ncivo picssuio symptoms aie much 
greater m cases m winch the lunate done is dislocated forwards than 
v ln * ie raoto common case in which tlio lunate is dislocated with the 
^ ra< lus * 1 e > the wrist is dislocated doi sally o\ er the lunato 



our tli»loiatiou of tho carpus tl 
hum to mnauimi, ultit<)iod to tho radan 
foiulitiuii ukntual with that shown m tij, ISO 
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COMPLETE OUTLINE OF FRACTURES 


Most cases of fracture of the lunate resemble fractures of tlie 
naucular m that the fracture occurs within the caitilaginous 
cm elope of the bone anti consequently shows little displacement It 
maj thin be recognised in films taken tlnee weeks later after an 



l*i<j 401 bclerosn of tho lunato following injury, indistinguishable from 
Kicnbock s disease 

apparent!} normal fiist radiograph More connnonlj the condition 
is o\ei looked till avascular necrosis of the bone is apparent This 
condition is indistinguishable from Kicnbock 's disease, which 
probably is the same thing (Fig 403) At operation, a hung but 
broken cartilaginous envelope is found surrounding a dense whitish 
coic of separated cancellous bone Tins lies loose like a pea m a 
pod, and this detachment is in all probability the reason why a fresh 
vascular supph fails to develop In some cases it will be been that ~ 
the necrosis only jmolv is part of the bone At operation these cases 
will show an intact cartilaginous sheath to the living portion 
Excision of the bone produces only moderated satisfactory results 
as the arthritis m the radiocarpal joint tends to spread 


Dislocations of the Radio-carpal Joint 
These may occur 

1 Alone (I?ig 404) 

2 Associated with fractuiesor 
dislocations of the carp il bones 

) Associated with fricturcsof 
the lower end of tho ndius and 
win v 

Occurring alone, the ie>ion is 

. very rare Itisrcvddj reduced 

traction combined with mitcro posterior pressure, mid the 
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l 10 40J Dislocation ut tho radio rarpol 
loint Tho continuum lino indicates tho 
puro dislocation, tho dotted lino ho 
more commonly associated fractures 
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nmimnt nfit**l«»i iImm I In* Inn itc h !( ft hinging l»v tin ntt icfimciiL 
of tin mt< nor lif. 11m lit ilonr and nm U* turned in almo-d am 
dm < (ton it it hc*t m tin < ifpil < iml 

Si mi tumh lh*>< of % «-owre ojiriin of the unit accompanied 




hi l|il \nUtint «h») trnU n nf l)if llw* |»»l/»i«rJi.n 

ini nt of jlif Itinnl it Inin mid tl*«» IiiiiaI** lnn*r« fmv/ud mi tlm minrt 
\ol.ir tit liman li v» 1 1 if li ii* Mixxl »ti|'j>)> i« mnmtauird 


h) lot d ft ituits ilut to the* displ ucincnt of the lumte limn a 
depression in Ik? ft It white the lumte should he* on pifpition of 
the dorsum of the wn»l Vnti norl\ there is a bulge wluih nmj l>o 
un-kid by Mulling 1 'n.vure on the midi in nine with pun and 
pir 1 sthi «u, «nd nubility to Hex the lingers from pressure on 
tendons in the tirpd tunnel ina> be pn>mt Rcto-don of the 
knuckle of the middlt huger i> ou i-uonulU seen 



lio III Anterior dislocation of tho lunaU with led i 
marked di*|>luiuni.nt titan that m tig -JOU 

lutAni* x i Reduction varies vtiy gie itly in its case of accom- 
plishment It is best attempted under skeletal traction with a w ire 
irough the metacarpal?, just below their heads and a wire through 

e °feeranon for counter triction (If this is not availablo ti at ticm 
''As ^ or a Colics s fiactuic may be used ) X lays taken during tho 
manipulation will show tho nit lease m tho space available for 
te action under this method The return of tho bone to its normal 
position may bo accomplished bv the piessure of tho stretched 
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Reduction in this latter case is relatrv ely easy Strong traction 
made by a relay of assistants, combined with manipulation, usually 
results m the wrist bemg slipped forwards easily Traction will 



Fio 407 Dislocation of the lunate com 
hilled with posterior dislocation of the 
wrist The continuous line indicates 
the pure dislocation and the dotted 
line the alternate paths, abo\e the 
navicular or through a fracture at 
the waist of the bone In the lateral 
v lew, note that the posterior ligament 
of the lunate attaching it to the radius 
is intact 



graphic appearance of the wns 
shown in this \ leu 


obviously be required for a longer time under a local anaesthetic 
than under a general A plaster is applied as for a fractured 
navicular, and similar after treatment is instituted If the navicular 
is not fractured the result is satisfactory in four to six weeks, but if 
the bone is broken the period of immobilisation is determined by 

the rate of union of that 
bone The onset of dc 
generative changes in the 
lunate is denied by Bolder, 
and this is probably true, 
the onset of Kienbock’s 
disease being due to sepal 
ation of the cartilaginous 
env elope 

Dislocations of the 
lunate This may occur 
alone, but it is more 
Fjo 409 Anterior dislocation of the lunate commonly due to a spoil- 
with marfod forward rotation taneous rectification of a 

posterior dislocation of the wrist described above For the lunite 
to turn forwards it is, liowev er, necessary that the posterior ligament 
be tom, and this maj be done at the time of the dislocation oi m the 
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menu nt of k -t ( ii iti<>ii I lif tun itc is Ic ft hinging b\ t lie attachment 
of till intcnoi lii.nm< fit iloiif find nm Ik? turned in almost anv 
direction m it In < in tin < atpd < mil 

Mmitumi I fin 4 of i wxirt ‘•pram of the «ii‘t accompanied 

l 
V 

I n> (M \til4ii i <Inl i hU ii < ( (In' N< l*» U.M iti«* |>M|rtior 1 i„m 

Hu lit • f lli« luii«l<< i* I ifii mii i lli" !w mI" Ini ,i» ( ru mil > n tl** inlnrt 
tnlttf lullin' III tlil< lull '*)>»' ll it- I liwxl *>l| } l\ l* ll>MililAltkr<{ 

h} lot k! f< itmxh due to tin ili»|)l u( im nt of the Inn »tc Ihtii a 
tlipicv«ion ni Ik fill ulit u the lunite should lit « on pilpition of 
tht dorMim of tht \i red \nt« rn>rl\ time i* u bulge wlmh in i> lie 
nil-kid hy Mulling I'ixs-im* on the iindiin nine with pun and 
pirntlu-n, uid inihilit) to llix the luigira from privuiro on 
tcm!on> m tin t irpil tmiml mi) Ik* pn-int Kiit^»mn of the 
knuckle of tht nuddlt luigi r i> on i»iou ills Men 




In* til \nUrior ilnlix.utiLm of tlio Iiuniti with k»s 
inurkiil Ui jilmmunt than tlmt in 1U 1 ) 

lnhATMi m HtiUictjon \aucs xtij git.itlj m its taso ol accom- 
1‘ ik iiiicnt It is, bet nttempttil umlu skeletal ti utnm with a wire 
th^ 11 ^ 1 ^ lL ,HLt lc ‘ lr P lls » J Ubt below thur he ids and a who through 
d e . 0 ccianon foi counter tiaction (If this is not axailable ti action 
or a Collcs’s fiattuio may bo used ) \ iajs taken duiing tho 
re^wpulation will uliow the liuttaso in tho spate available for 
-tion under this method The return of tho bom to its normal 
S1 l °n may bo accomplished by the pie&smo of tho stietclicd 
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Fig 412 Dislocation of tho lunato 
under skeletal traction showing 
tho vvido space it is possible to 
obtain for reduction of the bone 



FlG 413 Tho final result in a wrist which «aa seen 
too late after the dislocation for operative 
reduction to succeed and in which tho lunato 
was removed hunt tionaJIv tho wrist though 
limited in range of inov iimii strong «»'<! 
jwinliM 



1 1 ! U'l i. lil.S \M> DI^IJK IIIONS Ml lln, ( > lu'i 


. iMi.niij-, Mm ii ii'hiim mi o* uu«o n\ j,rr*«nro oi the nn^er-* 

* Uk iM* h »« mil'll to do « ill* ll,«* ddhudtx of rrduttion, 

mil tin. t i-r of i<(]ij<1)oji r moot l*p foico*t If iini)i|>uhti\e 
itdutlxm f tiK “J*» iultiflion xml 1 h* with thmuji in 

illusion oh 1 Ik iilti ir *id* of tin uu t Ik! ton tlo nlmr mk! the 


t< iidoi) «»f tlx tip x of < tj-pj uln tn 
limli jh mi ill uixl* r 4 < I< j ,l tj lf t„, n 
VfUrixdiK lion flu mu t j«iimoohi 
Ii^td tu tin iifijltil jkj ilio» f<,r 

three to four wet K* J lie jm jl ijlji % 

of I »to di^i n< i line t li ui^f a, the 
Inn it< ipjK u to Ik* uk it i-<(l jf tJjp 
hunt is fj i< tuif <1 it tlir * nor tnnr*. 
i hut the \ He ninotf m oittidiv 
t,x ‘t<d < t < s | J„ j f t ^ 
"luth the hone < moot Ik i<]du <4 
tUa under ojx it «.|Kiitj(,n. ilc 
mauds txticioji of tlx Ixmt , hut 

''‘Hi mwUm 4 n It I it tr kIioii tx 

duttion MU Ik* oh! HIM .1 in ill 

rutnt c is,.*, 

Complicated injuries to the 

Carpus lh <^* ‘K fit fjllt ti 1 1 \ line 

lo tni ; !,, ‘>o r wjuiKh iml ate 
quciitl^ often umijKMind 'ilu\ 
L in only Iw trutUd m mom! tme 
, , UI ‘ the* gtntril jirimijihs <mt. 
f med and the wrist iimimhiliM <1 m 
, ls tr Lxtension splints mu\ Ik* 
^nytfimdnxl.ml i.„ M , h T o 


lhi> 


l*-t done while the 



till III ( illljltl Alnl tiirp.ll III 
jmj t-raoUin* « f thi i) IV It ill ir 
A 4 TMtu|t 4 iiM I !■> unit n >r »li 

I Mall || «jf tho |iill|lmi ( .utuill 

minor mil tli»| m .hi m nf tin* 
M«tm | itiijM) im i n tirjsil joint 
\nt lo |io>tt our Him of llio umj 
in ) i„ J' il 


U'ltful T \"7 ^ ,e a ^ Ul * um *'ldint or /unis ] mm turn in t\ he 
,l< a <• tsi s should he jmt to htd for the lust few 
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Dislocation at the intercarpal and carpo metacarpal joints is 

extremely rare The path of separation and possible associated 

fractures is shown m Figures 413, 416 
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Function Ihcgoilof tlltnumilu 
treitmuit is function, and ai a 
second irv condition st ihihtv In tin 
hind in pitluulir tins function il u-c 
of the lingerie mutt l>c Kept in mind 
'ilic multiple hin ill joints lend them- t» ,J 
selves pvrtu ul irh to hlilfniM develop \ 
mg from unu solved ldooel and tissue 11 
cxuditcs Two points must Ik eon t 
tmuill} borne m mind in the* tie it 
meat of the hand I« list the fune turn 
of tlie hmd, if not upset hirioiihU h\ 

I the fneture, hhoiilel not be* disturbed 
c b\ splinting In other words splint 
mg of metieirpal and phalangeal 
injuries bhould bo avoided if possible* 
and active uso of the linger* ui 
couraged It is surprising how often 
a fracture is stable, or after 1 eduction 
remains sufficiently stable} to dispense 
with splinting Secondly, if the hand 
must be splinted, this must bo the 
mini mum possible and allow fiLO use 
of the unuiv olved lingei a (lMe m i of 
the fingers should be avoided paitly 
^because of the piobablc ineieaso in 
Pen articular adhesions w hen it is 
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412 COMPLETE OUTLINE OF FRACTURES 

Operative Fixation The apparently absurd description of the 
phalanges as short “ long bones ” has been used for years, jet it is 
only recently that the same methods of tieatment have been applied 
to both fingers and long bones It is particularly m the fingers and 
thumb where comparatively small adhesions cause considerable 
disability that the advantages of operative fixation and early 
movements are likely to be of benefit, and striking improvement in 
results can be achieved by open operation in selected cases Broadly 
speaking, injuries to the hands fall into two categories, whether bone 
is inv olved or not, those in which there is localised soft tissue trauma, 
best exemplified by a knife cut, and those in which there is crushing 
of soft tissue over a wide area, eg , in a compound fracture of a 
phalanx from a hammer blow The result of the injury Will depend 
on the degree of soft tissue damage, and the presence or absence ol 
infection By adequate surgery, skin grafting and chemotherapy 
the latter* disaster should be avoided No surgery can repair the 
damage of severe crushing, in which for example tendon and tendon 
sheath may be pulped together, but it can do much to minimise 
after effects This is not the place to enlarge on the benefits of tendon 
suture with stainless steel wire, by the Bunnell pull out technique, 
liut the same material is a very useful agent for fixing small fractures, 
where screws are unavailable or unsuitable Fractures in which 
metallic fixation is often desirable are — 

1 Fractures involving the mterphalangeal joints, m which the 
fracture contributes to the instability of the joint, e g , the fracture 
of the posterior margin of the terminal phalanx with subluxation 
(mallet finger) (Fig 446) 

2 Comminuted phalangeal fractures (Fig 444a), particularly 
involving a joint 

3 Unstable oblique or spiral fractures of the phalanges 

4 Markedly unstable or displaced fractures of the metacarpals 

The opportunity for early fixation by the primary excision of 

compound wounds should not be neglected, as it is particularly in 
this type of case that gross displacement allows the inclusion of 
soft tissue in the fracture line, and is accompanied by soft tissue 
damage 

Post-operative care is extremely important, and movements of 
the affected finger should be encouraged as soon as possible w hen the 
tendons are intact The limitation of movement of uninjured fingers 
should be minimal and these should be freely exercised It is in the 
treatment of injuries to the hand that occupational therapy plays 
its most important role, while later on the sheltered workshop can 
be of great assistance in encouraging the patient to make the most of 
stiffened fingers 



hi U.* turns or MM\r\iu»ALs \m> phuav.xs in 


1-raclurcs of the Metacarpal*' 

The first metacarpal l\|*s of frictmt I 'IrirmtiNc ilmve 
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4 ComimmiUd fr utum 

In lilt hr*>t Did groups the firoxiii) il joint is not involved, 

iml ixdm tum m<l n tuition ujinpit itivtlv i m\ 

Mmitoms In til t ivih tlif.(* .m smnl ir, consisting of gross 
viullmg of the (lu n ir, bruising iu<l|nin Crepitus tan usuiii) he 




1 to 4.10 Sumo cn-iO 
bl lowing tho butts 
factory roiiilt of 
treatment w itlc it 
finger w iro 1} mg on 
thu extensor napect 
of the thumb 


detected, mil false imncment, puticuhrly m Burnett’s* 
fra ^ure S , ,« obvious 

^- R4!i, sm usj ljunuius above the base of the mctacaip il aio 
un l )actc ^ If this is so and these is little displacement 
U p o ^ rac ^ ure J< * bettci left and the patient’s attention concentrated 
loose U&C ^ Uieie is marked displacement, oi the fracture is 
splint r lnu ^ held m position after reduction on a finger wire 
0 a similar type to that used for Bennett’s fractuio The wire 
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Operative Fixation The apparently absurd description of the 
phalanges as shoit “ long bones ” has been used for years, >et it is 
only recently that the same methods of treatment ha\ e been applied 
to both fingers and long bones It is particularly in the fingers and 
thumb where comparatively small adhesions cause considerable 
disability that the advantages of operative fixation and early 
movements are likely to be of benefit, and striking improvement in 
results ean be achiev ed by open operation m selected cases Broadly 
speaking, injuries to the hands fall mto two categories, whether bone 
is involved or not, those m which there is localised soft tissue traunn, 
best exemplified by a knife cut, and those m w Inch there is crushing 
of soft tissue over a wide area, eg , in a compound fracture of a 
phalanx from a hammer blow The result of the injury Will depend 
on the degree of soft tissue damage, and the presence or absence of 
infection By adequate surgery, skin grafting and chemotherapy 
the latter # disaster should be avoided No surgery can repair the 
damage of bevere crushing, in which for example tendon and tendon 
sheath may be pulped together, hut it can do much to minimise 
after effects This is not the place to enlarge on the benefits of tendon 
suture with stainless steel wire, by the Bunnell pull out technique, 
Taut the same material is a v ery useful agent for fixing small fractures, 
where screws are unavailable or unsuitable Fractures in which 
metallic fixation is often desirable ire — 

1 Fractures involving the mterphalangeal joints, in which the 
fracture contributes to the instability of the joint, e g , the fracture 
of the posterior margin of the terminal phalanx with subluxation 
(mallet finger) (Fig 44G) 

2 Comminuted phalangeal fractures (Fig 444a), particularly 
involving a joint 

3 Unstable oblique or spiral fractures of the phalanges 

4 Mark* dly unstable or displaced fractures of the metacarpals 

The opportunity for early fixation b> the primary excision of 

compound wounds should not be neglected, as it is particularly in 
this type of case that gross displacement allows the inclusion of 
soft tissue in the fracture line, and is accompanied by soft tissue 
damage 

Post operative care is extremely important, and movements of 
the affected finger should be encouraged as soon as possible when the 
tendons are mtact The limitation of movement of uninjured fingers 
should be minimal and these should be freely exercised It is in the 
treatment of injuries to the hand that occupational therapy plajs. 
its most important role, while later on the sheltered workshop can 
be of great assistance in encouraging the patient to make the most of 
stiffened fingers 



]|{\( IIHI> Ol MUV \liru> \M) PIMLW.I^ fit 


I rddurtft of the Melacatpals 

The fint mtlaCdtpdJ I \ | »* -* of friftmr I Trill** rr <* ibme 
tin hw \ I id j i »« 1 # *1 I’. I iiiiii) • 1 *-*! 

2 v '|tJ| l] o| ohh*pl* of lli* hift 

I Old up i*' unohjiij 1 1 n In* (Inn Ilf ni^lt * fn« (lire ) 

1 ( omniinuPd fi tdmr* 

In tin (lift <ti«i < * nn«l Il»* proxnml joint h not involved, 

uni Uilnitioii mil t< t* nl ton **<m]< >r iinr K * n\ 

Mmihims In ill • io ill* 4* ur -itmlir «on*i*tin^ of urnM 
hWt llm^ of tin t Ik hi i , 1 i|ij|o)ii«, i»»d | i*n ( n pit us nil ill v Ik? 


' P 

% 

* " limliin of In o'ii Sumo run* 

thu ►halt of tin* til I nhuuiiii, tlio uutii 

iiitlut ut |iu| fm tor) ivuilt of 

In at unlit with u 
hiif,trwiro Ij 1114,011 
tlm oxtt iiboru pcct 
of tho thumb 

eafeily detected, md false moMinuit, imiticu!ail> m Ucimctt’s 
* ra ctuicM, ]„ obvious 

c ^ KA1 ' S ' J1;SI lit ac i mu** above the base of the mctacaipd aio 
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is run along the dorsum of the thumb, attached to the thumb b } 
strapping, and then thumb and wire bent to the desued position 
Immobilisation is maintained for two to three weeks, and removed 
as soon as active movements of the thumb can be earned 
out 

Spirvl and OBJ.IQDB fractures of the shaft require some 
extension for their reduction Tins is accomplished as in fractures 
of the other nietacarpals by a wire linger splint incorporated m 
a forearm plaster According to whether the angulation is volar 
or dorsal (Figs 420, 428) the wire is placed on the flexor or 
extensor aspect of the thumb, which is attached to it by strap 
ping The position of the fragments is then controlled by bending 
the wire with the finger attached Union is firm in three to four 
weeks 

Bennett’s stive fracture In this case the fracture runs 
vertically from the joint surface to the medial border of the bone 
It is due to violence applied m the line of the metacarpal, commonly 
from blows with the clenched fist, the base of the netacarpal being 
sheared off against the multaiigulum major 
(trapezium) The metacarpal in consequence 
slides up past the lateral aspect of the 
joint if the capsule is torn, and retention 
is difficult, particularly as the luie of frac- 
ture j«. m the direction of pull of the 
muscles 

Clinically two types of stave fracture are 
met with 

1 In which there is a small triangular 
chip fractured from the medial edge of the 
metacarpal, but there is no dislocation of 
the joint (see Fjg 422) 

2 In which the fracture involves more 
of the base of the metacarpal, ind dislocation 
consequently occurs (see Fig 423) 

Fic 421 Bennett i sta\o 

fracture of the thumb 111 tne nrst c ise there is no difficulty with 
showing the combination retention, and reduction is equally easily 
tionandthodirectmn^of accomplished by putting the thumb into full 
tho forces necessary to abduction 

maintain reduction In &eeon( j g roU p 0 f caSs( b reduction IS 

usually easy by traction and abduction of the thumb, for which a 
local anaesthetic is suitable though often it can be done without _ 
Retention is not easy and demands two factors, first, lateral piessure 
on the base of the metacarpal, and secondly, extension of the thumb 
In certain cases lateral pressure alone, combined with full abduction 
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of flic llnwiih mflj. * < t«» m nut mi t Jk ft i< Imr, ufw h m 'irr «mi|»li->hr « I 
I i« df f nh< <1 !•* Imu 1»\ ‘•ti «J>j'Jii*r \N Ik it* f hi-* fnh -t more i M*»r*to 





1 in 4 2 j t irculur struppini., 

1 1 mini viinj. tin (mcl 111.11111st 
(In Iium of 1 1 to thumb of non 
stnti h strapping 



V ^""i * , j» u,u of tight sti upping ulxlucting tho thumb o\tr t ho fulcrum 

I>roYiilttl by tlm <omj>n (I pud of smglo stritili t lustoplust 

t^ 1011 ls n( 'CCs',aiy, though in our experience tho necessity for 
,ls i° n * ttnt in the pulp of the fingu nt\ti occurt* 
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attached a wire finger splint passing along the outer border of the 
thumb This wire is cohered by a layer of strapping, and at the 
base of the wire which corresponds to the ba^c of the metacarpal 
a small square of rubber sponge 1 inch square and | inch thick is 
inserted between the wire and the metacarpal The thumb iS then 
abducted over this and attached to the splint by a few turns ol 
strapping Holding thumb and splint, both are bent so that the 
thumb is fully abducted over the small rubber pad By this 
manoauvre both extension and lateral pressure on the thumb are 
obtained, and this usually suffices to retain the most difficult 
fractures The strapping and r< bending of the ware are repeated 
as often as necessary Fixation must last three to four w eeks, and 
at the end of this time the strapping method of treatment is applied 
for one to two weeks This allows some movement, which is 
encouraged, and after the removal of the strapping movements are 
usually rapidly restoied m all but elderly people, m whom there is 
a tendency to arthritis Care must be taken that the pressure of 
the sponge rubber does not produce a pressure sore 

Fractures of the other Metacarpals 

May be 

1 Fnctures of 1 f Due to either direct orV Transverse 

the shaft j \ indirect violence J Oblique or spiral 

2 Fractures of the neck 

3 Fractures of the base 

The fifth metacarpal is most common!} involved in direct 
violence Punch fractures most commonly affect the third meta- 
carpal with the prominent knuckle while multiple fractures are 
usually due to crashing injuries ind are frequently compound 

Dugx'OSIS In addition to the usual features recession of one 
or other knuckle may be seen if there is shortening In fractures 
without displacement pressure on the finger of the affected meta- 
carpal or tapping the knuckle will produce pain In oblique 
fractures telescoping may be noticed Difficulties m diagnosis 
may arise in fine transverse fractures with no displacement which 
require careful scrutiny of the X raj films to detect them When 
this is being done care must be taken not to confuse the line of a 
nutrient artery with a fracture as they are frequently very clear and 
suggestive 

Treatment This depends on the degree of displacement and 
the freedom of mobility of the fingers Restriction of movement will 
usually be found to be due to pain and this can be relieved by an 
injection of local an esthetic Minor degrees of shortening of the 
finger can be neglected, recession of the knuckle not being very 
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dorsum of the huul and tlio pi liter i m ustialh be rcimncd m tin 
da\t, to a fortnight 

In cam with displiccmcnt.or compound mjmies, it is access \r\ 
to immobilise the tinge r after leduetiou In open e ises this is usually 
hut reduction m i> not ho so e is^ to accomplish m closed e iscs 
3 mere manipulation 'iho use of hnciigo li\ me ills ot i thin 
‘ teuunaiui’b pm inserted through tlio skin of the iloisum of the 
r la,1 d is not to he forgotten 

Method of iiwtion m hngi « wines A \ohr phster shb 
^ a PPhed to the foie urn, extending fiom the met iciipil heads to 
just below the elbow and so tut out in the pilm tbit it a fleets 
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attached a ay ire finger splint passing along the outer border of the 
thumb This wire is covered by a layer of strapping, and at the 
base of the wire ay Inch corresponds to the base of the metacarpal 
a small square of rubber sponge 1 inch square and l inch thick is 
inserted between the wire and the metacarpal The thumb i& then 
abducted over this and attached to the splint by a few turns of 
strapping Holding thumb and splint, both are bent so that the 
thumb is fully abducted over the small rubber pad By this 
manoeuvre both extension and lateral pressure on the thumb are 
obtained, and this usually suffices to retain the most difficult 
fractures The strapping and rebendmg of the Avire are repeated 
as often as necessary Fixation must last three to four A\eeks, and 
at the end of this time the strapping method of treatment is applied 
for one to tAvo A\eeks This alloAis some movement, a\ hich is 
encouraged, and after the removal of the strapping movements are 
usually rapidly restored in all but elderly people, in AAhom there is 
a tendency to arthritis Care must be taken that the pressure of 
the sponge rubber does not produce a pressure sore 

Fractures of the other Metacarpals 

May be 

1 Fractures of 1 [Due to < ither direct or) Transverse 

the shaft / \ indirect \ lolence J Oblique or spiral 

2 Fractures of the neck 

3 Fractures of the base 

The fifth mttacaTpal i3 most commonly m\ol\ed in direct 
violence Punch fractures most commonly affect the third meta- 
carpal AYith the prominent knuckle, aaIiiIc multiple fractures are 
usually due to crushing injuries and are frequently compound 

Diagnosis In addition to the usual features recession of one 
or other knuckle may be seen if there if, sliortenuig In fractures 
without displacement pressure on the finger of the affected meta- 
carpal or tapping the knuckle aviII produce pain In oblique 
fractures telescoping may be noticed Difficulties in diagnosis 
may arise m fine transverse fractures with no displacement Avhich 
require careful scrutiny of the X raj films to detect them When 
this is being done care must be taken not to confuse the line of a 
nutrient artery ay ith a fracture, as they are frequently very clear and 
suggests e 

Treatment This depends on the degree of displacement and 
the freedom of mobility of the fingers Restriction of movement ay ill 
usually be found to be due to pun and this can be relieved by an - 
injection of local anaesthetic Minor degrees of shortening of the 
finger can be neglected, recession of the knuckle not being very 
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mg from the elbow to the wiist if n single inctac irpil is ilkclcd, 
^ but over the dorsum of the wrist if two or more .ire broken r Ihc 
linger wire is then unmd with stripping to mike i tl.vt surface 
ilong which the huger is 1 mi 'I he pressure tends to lie a in ixinium 
under the he id of the met icirp d, so i sm ill sip: iro of felt is pkued 
hero between the wire and the bone I he linger is then strapped to 


the wire sphnt oxer this with n mow strapping Intension is pro- 
duced h\ bending the linger md sphnt together, the linger thus 
being compelled to follow x curve of larger diameter, and so 
pulling on the mttacirpd held Alnmt exerj four dvjs the 
stripping must lw renewed and the sphnt rebent X nxy control 
of the fricture is smiplc Immobile ition is m untamed for three 
weeks, the other lingers being e irefully exercised After reinov il of 


the splmt return of function is usu illy r ipid 
* finger should Iks held in llexion as the 
lateral ligaments of the interplulange il 
joints arc then held stretched and 
unible to shorten, v potent txuse of 
stiff fingers (1'ig -in) 

FlUCTUULS Ol Till Ml TXC VIU’AI 


uxsls There is is a rule no dispi vee- 
ment, and to rehex e pun all that is 
necessary is x plaster to the level of 
the mctacirpil heads Thus is m un- 
tamed for a fortnight to three weeks, 
and earlj linger movements com- 
menced ai, m ill other eases 
f FlUCTUKES Ol THL MCK Ol THL 
{metvcaupvl These may give riso to 
a little difficulty is theio is a, tendency 
for the head to how forwards, especially 
*f the fracture is heated with a tennis 
hall or bandage clasped in the palm 
•The prominent head then receives all 
j le pressure in gripping, and in time 
comes \ery painful For this leason 
he correction of the deformity is 
important It cau 0 nly be satis- 
lactonly achieved by using the 
proximal phalanx is a bar to push 
ie flexed head back Once i educed 
/ f & H mto two classes, those 

'' nc 1 will lemam reduced with no 
Ur le r immobilisation, uid those which 


It is important th it the 



I 1 IQ 41b iorearm plaster 
carrjmg a linger w n\> for 
txttn-ion of a fractuiv of 
tho proximal phalanx of 
tho nuddlu linger iXoto 
ft It pad under tho htad 
of tho metacarpal V\ ire 
in blioim LXttnding tin 
ik ces-bUrilj fur bej ond 
tlio tnd of the fingtr 
libiiallj it need oulj bo 
the length of tho finger 
which is strapped to it 
and both wire and fingtr 
Hexed together 
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tic 433 lhe same case under treatment with two wire finger splints 
incorporated in a light forearm plaster 



Fig 434 Retention of a phalangeal 
fracture with a finger wire incorporated 
r The same nnn 


in a forearm plaster xne same F““ 
epics are employed for metacarpal 

fractures T , 

A Plaster B Finger wire C Re 
sultont direction of pull if finger 
and wire are strongly bent m the 
direction D 




hi 41> Illustrating the effect of 
extension and flexion on the latcial 
ligaments of tho interphalangeal 
jomts If the finger is held flexed the 
ligament is stretched and so cannot 
shorten and produce a stiff finger 
joint 


flexion of the involved fingers oill} On this is laid a wire huger 
lint which is adjusted to bo in line with and extend just bovond 
T ’ „f mv olv ed fingers This is incorporated in the plaster 
bx'paSng a few c'rcular tuna, of plaster over it, these turns extend 
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mg fiom (lit elbow to the wiM if a Miiglt intt.u irpil is affected, 
J but our the doi^um of the wri-t if two or moir arc broken 'Nit 
(mgir wire is then (itumi mtli strapping to makt 11 ll it surface 
ilong it Inch the linger is I ml 'I he pressure tends to he a m iximum 
under the he id of the nut tc irjnl, mi i small sc|ti ire of felt is placed 
here Ik. tine 11 the line ami the Imne 1 he finger is then str ipptd to 
the Mire splint our this with mmm stripping I/xten-ion is pro 
duccd b\ Ik tiding the finger and nplmt together, the finger thus 
being conijiclled to follou a curve of I irgtr diameter, and so 
pulling on the ineUieirpil held Almut ever} four di}s the 
dupping must Ixs renewed uid the splint rel>ent X ra} control 
of the fr ict ure is simple Immohihs it ion is maintained for three 
Micks, the other fingers lning cirefull} exercised \fter removal of 
the splmt return of function is usn ill} r ipid It is ini jmrtant that the 
i finger should he held in flexion as the 


literal hginicnts of the suterph ilangc il 
joints are then held stretched and 
unable to shorten, i |mtcnt c uise of 
'tiff fingers (I jg l r>) 

iltlCTLHls Ol Tin MITVCVUPW 


ihsls Ihere is is i rule no displace 
ment, and to relieve piiu all that is 
noccssar} H a plaster to the level of 
' le ,nt t u irp U he ids This is main- 
tained for a fortnight to three weeks, 
and c irl} finger movements com- 
nienced as in ill other easts 
I Fiuctuius of Tin mck oi Tin 
jHETAcvm vl 'Ilic^o may give n>o to 
* •ttle difficulty us theio is a tendency 
o r it head to how for wauls, especially 
! ,. le fr« lc tuic is treated with i tennis 
r™ or bandage el isped in the palm 
le prominent he id then receives all 
pressure in gripping, and in time 
*comes very pamful For this reason 
, ‘ fnection of the deformity is 
fi r , dnt ^ can only ho batis- 
lir ° n v achieved by using the 
the r phalanx as a bar to pubh 
►j le extd head hick Once reduced 
' " bicl" ai>C£> ^ m ^° t ' vo c h l<s! >cs, those 
f , lrt . 1 remain reduced with no 
er immohihs ition, md those which 



I ia 4 1(1 ton arm plaster 
can \ nig a linger who foi 
extension of a fmctuio of 
the pioMinul phalanx of 
tho muldlo linger Xoto 
Ft It puil undor tho Ik ml 
of tho niotacurpn] X\uo 
im shown extending nil 
m rissui llj far bo>oml 
tho cud of tho finger 
Ubiiully it need only bo 
tho length of tho fingti 
which is btiapped to it 
and both wire and fingtt 
floxi d together 
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require some retention Retention raaj be of a temporarj nature, 
consisting of strapping passed over the knuckle from the dorsum of 



anil pressing on the head of the Fic 43s Fiacturo of the necks 

proximal phalanx The finger wire of tlio fourth and fifth meta 

is steadied in a forearm plaster carpal*. 


the hand and continued over the finger which is flexed mto the palm 
with the distal interphalangeal joint straight, and then over the 



Flo 43 > Retraction of the fourth knuckle of the left hand after fractme 
of the metacarpal 

wrist A circular la\cr around the palm maintains the flexion at' 
the proximal joint This method is most satisfactory in the case 
of the fifth metacarpal, winch is the most commonly injured A 



Muinom;s ok MnrACAiuuus and phalanges u-j 


more dui ihlt method of lixition m protidcd b) running a finger 
wnc down the hick of tin linger iftcr incorporating it m plaster, as 
shown m 1 ig 117 It is n tnoii* cert tin method of prc\intmg a 
tveurumo of deformity hut is apt to produce stillness of tlic linger 
and should Ik reiuo\cd it thee irliist opportunity ihout the tentli 
d i\ 

fractures of the Phalanges 

Surgical Anatom> 

I iki tho in< InuupiW t 1m proximal ami middle phalanges arc short 
1 long 11 hunt «, iiimI sulfi r similar fiactun s I ht (t nninnl phalanx, however, 


k 



Fie 440 Anubliquo 
fiacturo of the 
proximal phalanx 
of the thumb m 
\ol\ mg the joint 



tlio phalanges 
\ \t the link 
B \ntt nor marginal 
frut turo uf tlio Iium 
( Po-torior marginal 
frut t uk> of tlu« bitsi 
I> 1 literal marginal 
fractUKH 

I SiU-h of ligament 
traction fructuns 



1*10 44.1 A 

ttniisu o r s o 
fiacturo of 
tho proximal 
phalanx of 
the thumb 


tliffci-, m construction luting a «j>lajcd out head of cancellous bone It is 
tho mo*t li thlt to crushing injuries 

Ossification A secondary emtio for tiro jirovimnl ends of tho bones 
appeals at the end of the second >ear anti unites about eighteen to twenty 
jears 


Types of Fracture 

Shaft Oblique, transverse and comminuted Epiphysis larely 
^separated J 

Ends 1 Vntenor, posterior, and lateral marginal fractures 
involving the joint 



1 10 44") A fiacturo &epa 
ration of t ho epiphj sis 
at thn baso of the 
proximal phalanx of 
the fourth linger 

Anj of these fractuies may 
of the mterphilangeil joint and 


Ujfiliid 


Fig 444q AP new of « compound able and equally useful III til' 
° r ‘.’l", presence of lacerations, which l 

Fig 4446 I/a t prill view of the simp /<s desired to leav e open to tli 
case , . . , , , _ . an The finger should be hep 

, 444e and 44^f Corresponding & * 

ueft , G f same cwo after open o|>tra flexed to avoid subsequent still 

two reduction ind fixation of the ness UniOll OCCUlS 111 three tl 
fricturo »ith stamlews f aul weeks, when the splint j: 

removed and exercises encouraged (Fig 434) 

It must be leinembered that quite a large number of ph vl mgen 


Fig 444a AP view of a compound 
comminuted fracture of the base of 
the proximal phalanx of the thumb 
JbiG 4446 Lateral view of the same 

bre!s C 444c and 44'*/ Corresponding 
% ,e«s of same c iso after open open. 
U>o reduction ind fixation oF tlie 
fracture with stwnle-s st<tl win 


Pio 444 lateral 
maternal fractuio 
of the baso of tho 
proximal phalanx 
of the thumb 

be associated with a dislocatioi 
many may be best treated b’ 
fixation with a small screw o 
stitch of stainless steel wire 

Fractures of the shaft The&< 
are easily reduced under genera 
or local anesthesia and aie bes 
fixed on a finger wire sphn 
similar to that used foi fractuii 
of the metacarpals Being onh 
a skeleton splint it is very adapt 


Huciums or mliacaki’ils and i’hamm.ls 12 ? 


frutuus iro stride, often in “pitc of l>enig comminuted ami not 
sppciriug m» in the radiograph Other plml.mge il fricturti remain 
stride after reduction, mil in nil these rises the linger should lie 
mcrch protected for the first two d i\ s he i p idried finger splint of the 
t\pe shown m l ig 41 md e irK move incuts encouraged 




In 41*i Mnlkt fmi.tr 
Vlx>\ t iliu tofiailurt 
of the him. rt ion of the 
« xU nnor t xjuuiMon 
(po>,itrior marginal 
iracturu) lk low duo 
to rupture or (lit (■•ion 
of tin. extensor c\pnn 
MOll 



(•Id 41(1 A 
Interior mar 
filial fructurt 
of the huso of 
tho ti nnmnl 
phalanx 



tie 447 Tho position of tho 
finger m a mallet finder 
plaster 


i 448 Tho patient 
maintaining tho posi 
tion as the plaster 
sets 


Shortening is important to avoid, but is easy to control by the above 
met to ngulation is similarly easy to control but rotation is 

a , p f 0 , c °' cr h)oked If the finger has united with a rotation 
c onm > l may appear quite straight w hen extended, but on 
flexion the terminal phalanx or middle phalanx will slew to one or 
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other side, which may be a very severe disability in a skilled worker 
Fractures of the phalangeal ends Abduction and adduction 
strains may result in a ligament traction fracture, the collateral 
ligaments of the joint pulling a small portion of bone of the base 
away with their attachment, or occasionally fracturing the base into 
the joint Blows on the fle\ed finger may result in anterior or 
posterior marginal fractures, which may be associated with disloca- 
tions, the anterior fracture tending to allow posterior dislocation 
and vice ver^d In most cases the displacement is small, and all 
that is needed is adequate rest for three weeks with the finger 
flexed, which is secured by a wire finger splint set in plaster as 
outlined Where there is displacement traction is applied by 
bending the wire with the finger attached, and this reduces and 
fixes the fracture Owing to the involvement of the joint stiffness 
is liable to be more marked than m fractures not involving it 
Crush fractures -with considerable joint destruction can be very 
crippling owing partly to joint damage and parti} to fibrosis and 
adhesions around the tendons, and in many of these cases early 
complete and accurate operative reduction is necessary (Fig 444a) 
Fractures of the terminal phalanx May be 

1 Longitudinal 

2 Transverse } Due to crushln 6 

3 Chip fractures Anterior Rare, due to hyperflexion 

Posterior Due to a blow' Mallet finger 
Lateral Due to abduction and adduction 
All these fractures may be associated w ith lacerated and bruised 
pulps, and are frequently compound Such fractures are carefully 
cleaned up under block finger ana»sthesia and sutured If the nail _ 
is damaged it is better removed, as it rehev es pressure below it, an 
important cause of pain, and it allow s the w ound to dry up Further, 
in any case with displacement of the nail the fracture is frequently 
compound into the nail bed and its removal provides opportunity 
for suture of a potentially infected area No harm has ever been 
done by remov mg a nail carefully much has been caused by leaving 
it in place All such fractures must be immobilised on a finger splint 
at once, and maintained at rest until healing has commenced ) 

In cases in which there is no great damage to soft parts a collodion 
splint made of sev eral turns of gauze soaked in collodion, or a splint 
of several turns of strapping may provide sufficient protection and 
rest They are renewed till the finger is free from pain 

JIallET finger more commonly occurs from rupture of the 
extensor tendon thin from fracture at its insertion Three clinical 
varieties can be distinguished 

1 Due to rupture of the extensor tendon Best treated in } oung 
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people b\ tendon mi hire In the NutineH technique, with the strain 
f relieving suture miming through tlio pulp of the finger, and tied over 
i button on the end, maintaining hyper extension Alternatively a 
millet linger plaster (1 ig 44H) m i\ be applied for four week* b ull 
extension lnscireeK ever obtained by this method, but the resultant 
drop w little disabihtv 

2 I)uc to fr icture of the jmstenor in irgin involving the* insertion 
of the extensor tendon (a) Without siihluxatiou (6) With volar 
subluxation of the terminal plial in\ '1 he prognosis m these case* 
for a good functional risiilt m spite of the fracture into the joint is 
better than for tendon ruptures provided complete nduction can 
be obtained ’Ilus should be attempted by a mallet linger plaster 
in the first mst nice If the displacement of the subluxution persists, 
* the fragment* should be perfectly reduced by open operation through 
a lateral incision, and the fragment ret lined in position by a suture 
of stainless steel wire pissed around or through the hone 

Anterior chip fractures of the base require rest m a slightly 
flexed plaster finger splint One important point in diagnosis is 
that there is frequently i small sesamoid m tlio tendon of the flexor 
profundus at its insertion md it must not be mistaken for a fracture 
It is regular in outline, often rounded, uid may be seen in other 
fingers or the same finger of the opposite hand W hen there is an 
accompanying posterior subluxation this must he carefullv reduced 
employing open opention and suture when necessary 

Lateral margin il fr icturcs of the base can be treated in a plaster 
finger splint in slight flexion for two to three weeks, iftcr which 
movement is encouraged Great care must be taken in these cases 
/ to make certain that the commonly associated inter phalangeal 
l subluxation is fully reduced 
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CHAPTER XXVI 

FRACTURES OF THE PELVIS, SACRUM AND COCCYX 

Development 2 he three hone*! of the os umommatum commence ossifica 
{ion from primary centres appearing in the ilium in the second month, the 
ischium in the thud and the pubis m the fourth month Ossification continues 
slow 1> , and at the tenth tear a variable number of centres for the acetabulum 
appear These occasionally fuse to form the os acetabuh At sixteen to 
eighteen years they fuse with tho other centres, completely ossify mg the 
acetabulum In the cartilaginous border of the bone a \ finable number of 
secondary centres appear at puberty a* follows 

1 For the interior superior iliae spmo and anterior part of the iliac 
crest 

2 For the postenor superior iliac spino and tho posterior half of tho iliac 
crest 

3 For the anterior inferior iliac spine 

4 For the ischial spine 

5 For the surface of the ischial tuberosity 

6 For the angle of the sy mpby sis 

7 An inconstant centic for tho pubic spine 

These fuse with the main centres about twenty one years 

Surgical anatomy The bone consists of two partis, meeting lOtighfy «t 
right angles the ilium above forming the wing of the false pelvis and tho 
ischium and pubis below forming the lateral wall of tho true pelvis Thu 
transition from one plane to another is sudden externally , but gradual 
internally, where the angle is strengthened by tho iho pectineal bar The 
pelvis is inclined so that tho pelvic brim forms an angle of 60° with the 
horizontal Tho su-rum is thus I\ mg above the pubis and suspended between 
the two halves of the pelvis by the sacro iliac ligaments The weight tuns 
mitted through the femoral heads lies outside the lino of tho sacro dial joints 
and so tends to open the two halves of the pelvis and to put traction on the 
pubic symphysis In sitting down tho weight is transmitted by the ischial 
tuberosities, winch lu medial to the line of the sacro iliac joint and so the 
tendency is to compre^ the pubis The curves of the pelvis adipfc it as an 
elastic base for transmitting the weight of the spine to the kgs or the ischial 
tuberosities while the sacrum is slung between the two halves of the pelvis 
as the centre piece of a cant dev er 

Of the soft tissues in <ontact with tho bony pelvic, the rectum urefhi i, 
and, in the female, the vagina are the most important as all may bo damaged 
indirectly by the entry of bony spicules or more commonly directly by tho 
injury with consequent risk of sepsis In the female the urethrv is well 
protected, but m tho male on account of the close relationship of the urethra 
to tho pubio arch, and its comparativ e lixitv it is liable to injury particularly 
m falls astride The rectum is in relationship to the anterior surface oi the 
last two and a half pieces of the sacrum and tho coccyx It is rarely mjuicd 
except by perforating injuries end gunshot w ounds The iliac v essels mid tlic 
sciatic nerve though closely related to the bone are rarely mjuicd though 
tho sciatic nervo may be involved in lesions m tho sacro dmc region 

The mechanical construction of the pelvis presents a senes of weak spots 
through which fracture H tnnet likel, to occur rrthernlone orrnon.cranmt.nl, 
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FRACTURES OF THE PELVIS 
TIicnc inij l>o cliv-llu.fi ns follows 

1 Single Hiurruius ot tiu lime 111 NO, most commonly 

1 Sep vr it ion it the pubic s$inph$-is with or without 
fricturc 

1 Separation it the sicroihnc joint with or without 
k fricturc 

) Fractures of the lscluo pubic mini 

2 Double 1 KICTUKJ s oy tiu ihuc kino 

1 The double vertical fnicturo of Malgnignc (Fig 41 1) 

2 Severe multiple fr icturcs of tho pelvis 

3 F it VCTLllI S Ot Till \CI T VllUI UM 

1 Of the run Avsoci itccl with dislocations 

2 Of the Hour Associated with central dislocation 

4 F’hvctuhisoi Iniumduvi Boms 

1 The ila of the ilium 

2 Fractures of i single ramus 

i Fractures of the anterior superior iliac spine 

4 Fractures of the tuberosity of the ischium 
f 3 Fractures of the sacrum and coccyx 

* Fractures of the pelv is become serious from the shock associated 
with an injury severe cnougli to fracture so strong a bone, and the 
damage to intrapelvic organs which may occur Apart from these 
complications there is little to he feared The displacement is, as 
a rule, small, ovvmg to the fixation of tho hone by muscular and 
ligamentous attachments, and the chief concern is to make the 
patient comfortable while union is occurring 

Mode of i\’jub\ The various fractures of individual bones are 
produced by direct injury Acetabular fractures may be produced 
by falls on the lateral aspect of the great trochanter, or falls in which 
one leg m the extended position receives the full weight of the body 
If the head is not driven centrally one half of the pelvis may bo 
dislocated, but more commonly tho double vertical fracture of 
a gaigne (Fig 450) results This particular lesion maj be pro- 
duced b> lateral crushing The arch is first broken anteriorly, 
and the continuation of the foree bleaks the arch posteriori*, or 
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separates the saeto iliac joint Perhaps more common than separa 
tion is a subluxation of the sacro iliac joint, and associated with this 
are small fractures of the anterior surface of the ilium at the joint 
margin These cannot be seen on X-ray films, but aie consistent!} 
found at post mortems on patients with sen ere pelvic injuries 
Crushes in which the force is applied m an antero-po$tenor direction 
tend to fracture the rami on both sides and depress the pubic 
symphysis (Pig 453) 

The most common cause of pelvic injuries is, however, the 
leverage applied to one half of the pelvis through the leg Hyper- 
abduction, or more commonly hyperex tension, tends to twist off the 
affected side of the pelvis The line of separation has man} paths 
to choose from Anteriorly it may pass through the pubic 
symphysis, the weak area m the two rami, or through the area just 
anterior to the acetabulum Posteriorly the choice is even more 
varied Separation may occur at the sacroiliac joint, or parti} 
through this jomt and partly through the ala of the ilium, the ilium 
may bo fractured 4 or the attachments of the os mnommatum to 
the sacrum, may be strong enough to separate the lateral mass of 
the sacrum from the body of the bone 
_ The degree of displacement present will vary with the type 
force has continued to aet after 
the fracture lias occurred 

Examination and diagnosis 
of pelvic fractures In severe 
pelvic fractures the satisfactory 
examination of the case may be 
prevented by shock or asso 
ciated injuries If the patient 
is conscious he will complain 
of local pain, and of pam on 
moving the leg on the affected 
side Where the rmg is com- 
pletely broken lie may complain 
of a sensation of falling apart 
Hsematomas should be searched 
for, particularly the tell tale 
one in the perineum winch 
indicates a probable rupture of 
the urethra Palpation of the 
pubic and ischial rarm is easy 
and should not be neglected Irregularity m the Ime of the crest' 
of the ilium may be appreciated with the fingers without turning 
the patient In cases where there is suspicion of fracture the 


, and whether or not the 
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pelvis nn\ Ik sprung In puling firmly down mid out on the 
J anterior superior line spines (Fig 440) The patient will complain 
^ of pun over the fracture Mtoif thcpehicrmg is broken Sepiration 
or an niter it nm in the* levels at the piilnc symphysis may be felt 
finally , the t \ unimtion is not complete w ilhout v search for damage 
to the urethra e»r bladde r, e sjk e i illy in the presence of any of the four 
clawc vl sjgns, h eiuorrlnge from the urethra, retention of urine, 
pcrmcil bruising, and c\tn\ is.it ion of urine, and in some cases a 
rcct d examination V neurologic d examin ltion hliould be made in 
all eases in which the sunun is fraetured 


Single Fractures of the Pchic Ring 
It is to be rcmtml>trcd th it though a Mingle fracture inaj be 
seen on the film, there is commonly an ussomted subluxation with 
f minor fricturts around the sacro iliac joint, which cannot be been 
The most common single frieturc ls through the two weak points 
ou tlie pcluc ring, where the obturator notch grooves the upper 
ramus of the pubis, iml where the lower rami of ischium and pubis 
meet Tlie displ icemcnt is \anable and usually small The ends 
of the bones arc find} spiculated and interlock As a rule there are 
no complications md the tre vtmcnt consists of rest in bed for four 
to eight weeks with a pchic sling m the earlier weeks to facilitate 
mo\ ing the patient During this period tlie patient is gi\ cn exercises 

to all four limbs, breathing exercises, and is encouraged to sit up 
and exercise the spine If such exercises are < arricd out thoroughh 
the patient will be walking well a few days after he gets out of bed 
I-css commonly tlie fracture occurs just lateral to the pubic 
symphysis, leaving the circle of bone around tlie obturator foramen 
/complete, or the pubic symphysis may be dislocated with a 
Subluxation of one or other sacro iliac joint associated The 
displacement is as a rule small, and rest m bed, as previously 
described, is the correct treatment 

Gross sacro iliac separation is very rare unless associated with 
fractures elsewhere The minor degrees of sacro iliac separation 
associated with marginal chip fractures, which may be overlooked 
m the X ray, may be the cause of persistent pam if the patient is 
not adequately rested for six to eight w eeks after the accident 


Double Fractures of the Pelvic Ring 
The clissical fracture of Malgaigne is a very severe injury winch 
rings a very seriously shocked patient into hospital In this 
* CSl .° 1 \ t 10 fracture is through the weak areas of the rami anterioily, 
m iroug i the sacio iliac joint or just immediately lateial to it 
jos crior v on t ie same side The displacing force, together with 
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til. 4 i_* Hit. riouMt Mrtiial fnuluro of Mnlpn^uo nhottinj, how I ho 
ih phu uni nt H produced l»> the rontwwtion of the jkIu femoral and 
Mrttbrg ftuiurnl miNkt 
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the pull of the pelvi'femoral and vertebro femoral muscles results 
in an upward displacement of the whole half of the pelvis, often 
associated with grave internal injuries In some cases the fracture 
passes through the sacra iliac region of the opposite side, m which 
case there is no displacement Injury without displacement is due 
to lateral crushing injuries, while that with displacement is due to 
falls on the extended leg or on one half of the buttoclvs, and there 



Fit. 454 Fracturoof the pah is associated with fracture of the sacrum Tho 
pelvis ami ischium are fractured anteriorly The lateral mass of the 
-aerum i« fractured and compressed with lo a 3 of the sacral pattern and 
the \v hole mnomuiate bone w displaced upw ards Tliere is a fracture of 
the transverse process of the fifth lumbar vertebra l\oto tho defect 
in the lateral margin of the sacrum below tho peh ic brjm Features 
of root damage to b 1 and 2 accompanied this lesion 

inaj, in addition to the signs outlined above, be shortening of one 
leg 

In the rarer type of double fracture due to antcro posterior 
compression the pubic rami of both sides fracture at their weak 
spots, and the symphysis is depressed This fracture is important 
as under the usual treatment with a tight binder or a sling the two 
halves of the pelvis may be approximated, and the pelvic inlet and t 
outlet considerably narrowed, which m the female maj lead to ^ 
difficult labour Such cases should be nursed flat on a divided 
mattress (Fig -*53) and often without a pelvic sling 
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Compile ited multiple fractures must Ikj tre itcd on their merits 
accoiding to the fractures present There are usually more linpor 
tint injuries present, such ns rupture of the b! idder which demand 
urgent treatment lor tlic p it le lit s eomfort treatment as for 
double fractures of the jkIms should be earned out if possible 

Treatment of fractures of the pelvis (tmeomphe ited ) Tre lt- 
ment is directed to making the necessarj mo\eme*nts of the patient 
as comfortable as possible iml 1»> adequate support, allowing as 
much exercise to the* rest of the body as is compatible with the 
patient h condition In easts with displacement of the fractured 



tic 4 jj Tim reduction of u di-pluccd lialf of a fractured pel\ is bj 
manipulation traction is applied tluough tho upper kg to the 
ill placed ilium while tho prissuio on tho lower foot pi otitic is counter 
traction Lndcr unisthisia it is ncics-sirj to haw tho sound leg held 
rigid by bandaging it to a straight splint A plaster including tho 
whole pthis and both thighs inaj then ho applied while tho mluction 
is maintained in this position 


pelvis this must be combined with traction to maintain reduction 
Reduction of the displacement This m ty be accomplished 
rapidly under spinal or general anaesthesia by lying the patient on 
the sound side with the sound leg held film by being bandaged to a 
straight splint, and combining a certain degiec of abduction with 
traction on the affected limb (Attempts ha\ e been made to apply a 
p aster spica to maintain i eduction after this has been done (Watson- 
ones), but m our experience this is neither satisfactoiy noi comfort- 
a e or t le patient ) In practice the slow leduction of the displace- 
“ traction on a Kirschner wne or Stemmann’s pin in the low er 
a! i° ® mur ls m °re readily combined with the tieatment of 
oc an a er treatment of the patient, and is lecommended 
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1 A fracture bed is prepared with two overhead bars ljmg 
parallel to the sides of the body Tw o Braun’s splints are bandaged 
in the usual way and placed on the bed, and a pelvic sling, consisting 
of a canvas sheet 30 x 10 inches attached to wooden rods at cacli 
end, is laid at the upper end of the Braun’s splints The patient is 
now lifted on to the bed the pelvis lying on the sling and the legs 
being placed on the splints The cords of the sling arc now run over 
single pulleys attached to the beams above, and weights equivalent 
to one fourth of the body w eight are evenly divided and attached to 



Fid 4 Oi) Patient with a fractured pelvis arranged with a crowed sling 
counterpoised with weights and both legs resting on Biaun a splints 
Patient raising himself for the use of tho bed pan 

the two sides If there is a tendency for the pubic symphjsis to 
gape the cords are crossed and pass to the pullcjs of the opposite 
side After passing a wire or pin through tho lower end of femur 
on the affected side, skin extension is applied to both legs, and 
10 lbs extension attached to each The pm or wire is placed 
in tho lower end of the femur, as the force necessary for reduction 
may amount to 40 lbs , and it is unwise for such a force to act thiough 
the knee A pull of 20 lbs is used to commence with Tins 
necessitates elevation of the foot of the bed, and if the weight h is to 
be increased to 40 lbs , blocks of 18 to 20 inches must be used to get 
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,ndcquitc counte r c \U n^mn liom tlu body weight With such i 
' \u iglit on oiu leg it is licit lo iikk »m the \u ight on tlu other 
to picvcnt twisting of the jh1\h uni tins in ly necessitate a wire in 
the tihitl tuberosity of tlu sound hg if the weights hate been 
built up to 40 to 50 lbs md the e \tcnsion li is acted for three d tya 
without producing u duet ion, then in mipul ition under i genenl 
anesthetic, is previously described, will result m rcduetion and the 
patient cm !>c put hick to l»ul with extension to niuint un it boot 
drop is prevented by one of the methods shown in bigs 501, 
530 A piticnt so imngcd will soon learn to raise himself for 
the use of the lied put *1 lie. tritium on the legs combined with the 


sling prevents the development of 

bedsores Exercises cm boon be . \ wk v 

^eirned out to a fnrly active degiee \ \r*v\ 

Union e umot he expected to he \ \/\m n 

sound for eight to twelve weeks, but \ Vam 

it the end of the fifth week Uima’s \ — * ( / Mr ( 

paste extension to the leg and thigh 11 ) \ ,/A 

can be substituted for the pin If , ] lA [A 

the pm is giving trouble it the end f Jmth // v I It - 

ot the third week, it is better re move el — • 

and a wire put in the tibial tuber- J [ rf \ 

O'lty through which lighter extension K Aw \Jjj 

can be continued for another fort- i h-Jjjfl !L « 

mglit Any serious mil nil mat ion \ 

around the pm will, of course, justify \ \ 

doing this earlier Sound union of } \ 

<'uthfractuics can always be expected f \ 

With httk (liability, except m the Dlag „ m ■llu.tratmg tho 

o, vv ncre tlie enforced rest may coriect «ito for tho introduction 
result ill some stiffness but if ofaKirbcbnerwiro(ofSteimnann«» 
, * , pin) into tho lower eml of tho 

Y “CS aie earned out 111 bed femur Tho sito lit* J inch anterior 

thoroughly this can be avoided to ami * mch abo '° tho a « Wuctop 

V r , , tubercle A Quadriceps tendon 

u aclures n° displacement B Supiapatclla bursa C Tho 

Where there is no displacement the synovial sao of tho hnoo D Tho 

c 1 . patella E The meniscus t 

rangement of the patient is the infrapatella buna G Tibial 

same, but the extension through the tuberosity H Thoidoalaioafor 

fpirnip is i rin , . insertion of the wire I bemi 

13 omitted ihat on tile legs mc.nbnmo.us buna J Tcmlon 

,J> used to Steady tile patient ind ofpoplitcus K T ho bursa around 

relievo fbo TO-obb... ’ tho popbteud tendon L Tho 

C the pressure on the sacrum fibula collateral ligament of tho 
jC-xereises m such cases can be begun knco 
earlier, and be more active The period of immobilisation likewise 
n „ n ,. e T \ “ ce “» according to the progress seen m radiograidis 
ua y a ie end of four weeks the patient can be nursed without 
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apparatus in a bed with a divided mattie&s, and at the end of ay 
further four to sx\ weeks can begin to walk Little disability lesults 
from these cases m the absence of complications 


Fractures of the Acetabulum 

These may be (1) Fractures of the mn, associated with anterior 
and posterior dislocations, and (2) fractures of the acetabular floor 
associated with central dislocations (Fig 457a) The latter are 
usually due to falls on the lateral aspect 
of the great trochanter More common!} 
an abduction fracture of the neck of the 
femur results, but where this does not 
occur the head may be drnen into the 
floor of the acetabulum sufficiently hard'} 
to produce a fracture In the majontj 
of cases the head is not driven completely 
through into the pelvis Less commonly 
the lesion results from a fall on the 
extended leg 

1 Fractures of the acetabular run arc 
reduced when the dislocation commonly 
associated with them is reduced, but 
occasional!} the fragment maj get into 
the hip joint pre\enting full reduction 
Such rare cases require open operation 



FlG 437 a Central di&loca 
tion of the head of the 
femur «jtb fracture of the 
acetabular floor 



FiC 45S Separation of the pubic xym 
pfyoia with wide opening of the Micro 
iliac joints 



Fj& 430 Reduction of beparation bj a 
simple peli ic sling with crossed 
traction 


The two common varieties are dependent on the size of the / 
fragment 

1 Small At least parti} reduced when the dislocition is 
reduced These are left as the} aie not lihcl} fo cause trouble 
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J I irge 'I lie d image to tin* posterior rim is sufhucnt to make 
the hip joint uust ibk mil the frigniLiit remains p »rtl\ displaced 
after ruiuctum issmiated with a pirtin! sublimation of the hip 
Uu>c eises (kin mil ojk.ii ope r it ion on the hij> through a posterior 
appro uh ind the nulmg or screwing of tin fragment into jvosition 
Confusion with the ot< isioitnlh present os margin de is to ho 
■noidcd h\ t ireful t\ munition of the X rn\ (I*ig '»!'») 

2 Ft art tire i of the tie (.tubular floor In the hss seven casts the 
signs and s\mptoi»s rcsnnhh those of nudmii fracture of the neck 



Fig 400 tractuio of iifjit and left iscluo pubic mini anteriorly — with 
fructuro of tho left ilium running into tho >,acro iliac joint posteriorly 
1 hero is saci abhat ion of tho fifth lumbar \eitcbra (Compaio 1'ig 452 ) 

of tlie femur Where there is a central dislocation tho depression 
of the trochanter can be noted and the head of the femur is palpable 
per rectum 

The treatment is similar to that of a complete fracture of tho 
pelvis with displacement The amount of extension necussary 
varies with the amount of displacement of tho head of the femur 
and may have to be raised to 40 to 50 lbs to obtain reduction It is 
> ie ln man y cas >es to supplement this with a direct lateral pull 
rom aKirschner wire passed vertically through the gieat trochanter 
an to which is attached a 10 lb pull over a pulley on the side of the 
e If tins fails manipulation must be tried When reduced tho 


440 


COMPLETE OUTLINE OF FRACTURES 


extension can be reduced to 10 to 14 lbs The displaced fragments of 
the floor follow the head to a variable degree Such traction is mam- * 
tamed for si\ weeks and then i educed to 10 lbs on skin traction, and 
the patient encouraged to exercise At the end of tv eh e weeks the 
patient is allowed about on a walking calliper This is abandoned 
m a further three to six months In spite of the seriousness of the 
lesion the results are better than might be expected A hip w ith good 

function can be ex 
pected, but the later 
onset of arthritis is to 
be feared 



PM', 




Fractures of the Indi- 
vidual Bones ’ » 
1 Fracture of % the7 
ala of the ilium Thr* 
is due to direct \ jolence 
or lateral crushing 
injuries The displace- 
ment is as a rule spon 
taneous/y corrected by 
the pull of the large 
muscle masses attached 
to the fragments The 
amount of bone in 
volvcd may \&ry from 
a small wedge to almost 
the w hole of the wmgv 
' " ' The} 


Fracture of the anterior superior iliac 
spine 


of the bone 
feature*, of the fracture 
are local pain and 
bruising, together with 
pam on moving the leg 
on the affected side 
Abnormal movement of 


the anterior superior 
iliac spine roaj be 
detected if it is attached to the fragment or, in a few cases, it maj 
be displaced abo\ e its normal level Rarefy the hematoma may 
press on the lateral cutaneous none of the thigh and cause pam 
If so the hamiatoiua should be aspirated j 

TrkATyifxt js directed to making the patient more comfortabIe~fy 
Many patients are be*>t nursed for a fortnight as for the fricture of 
the pehic ring without displacement A firm binder around the 
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pelvis 1 x*Iow the spun* may give some relief, but in others it may 
mere in* tlio discomfort when it should lx* removed It is best 
applied by pissing two circular turns of 1 inch elasto-plnst around 
the pclus just below the le\cl of the anterior spines Kreo move 
meats in lies! ire iitcourigtd and the patient is allowed about as 
soon w lie is free from pun on ino\ ement, usually about the end of 
the third week 


2 Fractures of a single ramus '1 hese are rare and due to direct 
\ io I c nee Usu illy the upper ramus of the pubis is fractured There 
is lot \1 bruising md pun, but as the ring is not broken there is a 
ficidom of movement md absence of pun on springing the pelvis 
winch is not found in the complete fricturcs The only treatment 
nec.Lss.irj is rest til! the patient can get ibout comfort ibfy , usually 
ten day-. to a fortnight, iftcr which walking can be encouraged 
1 Fractures of the anterior superior 


iliac spine in ij irise due to direct injury , 
hut may Usq arise from tho sudden 
spasm of the sartonus and tensor fasci e 
Utai pulling off their bony origin There 
is local pun, bruising and tenderness, 
occasionally referred pain down tho 
later il cutaneous nerve of the thigh, 
and pun on ittempts to abduct the 
thigh The treatment is icst in bed with 
the knees He\cd and abducted over v 



pillow The fragment frequently unites JJg* wa * result of 
at a lower level than before, but no 

disability arises The patient is allowed to sit out of bed as soon as 
he is free from pain, and walking is commenced at the end of three 
to four weeks 


4 Fractures of the ischial tuberosity This is i rare lesion duo 
to falls in the sitting position There is local pain and bruising, 
pam on sitting, and marked pam on stretching the hamstrings 
Displacement is small, and the treatment is rest in bed for three to 
four w celts The patient may be mused on the side, or an air cushion 
may be found to afford iclief 


j Fractures of the coccyx are interesting, if at times annoying, 
on account of the frequent late development of pam in the region 
w it l ittle evidence as to the cause It is possibly due to an arthritis 
a t le sacro coccygeal joint, or to involvement of the coccygeal 
> ne *? C8 m ^ 1(J sc ' ir tissue A neurotic element is frequently associated 
w 1 i t le condition The diagnosis depends on features similar to 
i ^ rc ° m sacrum Radiologically the fracture may not be easy to 
nstrate because of the irregularities in the normal architecture of 
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the bone Coccydyiua can, however, arise in the absence of fracture, 
associated with strain of the sacro coccygeal joint only 

Treatment The displaced fracture must be reduced by a 
finger m the rectum, and the patient given tv o to three w echs rest, 
not necessarily all the time in bed If any feature of coccjdyma 
arise hot baths and postural exercises are commenced at once If it 
persists the patient is carried on by palliative methods, diathermy, 



* io 462 Obstetric \ jo«v of peh is to show the displacement in a fiacture of 
tho sacrum Note the interruption in the outline of the peh io brim 
Double fracture anteriorI> 

radiant heat and the injection of proctocaine around the bone as 
long as possible Only if these methods fail is it justifiable to 
excise the coccyx In many coses this will not cure the condition, 
the pain persisting as before, and the operation is to be avoided 

Fractures of the Sacrum 

Fractures of the sacrum occur in 45 per cent of cases of double 
fracture of sacrum, and the failure to recognise them is due to tho 
difficulty in getting satisfactory views of the sacrum The sacrum 
a strong bone very resistant to compression, but having a weak 
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am due to the i>crfor«itions of the anterior and posterior sacral 
fontnma between the lateral mass of the mcrum and the body of 
the bone braeturc therefore most commonh involves tins irta 
running through the tirst, second and third stern! foramm e to its 
exit just belou the ^acro iliac joint It max take the form of a 
fissure, a fissure with displacement, or compression An interesting 
fracture is sometimes associated with these lesions, a fraeturc of the 
lower lateral margin of the bone corresponding to the attachment 
of the sacrotubcrous hg uncut This is a ligament traction fracture 
due to the deformity of the pelvis at the time of injury 

R\diogh\i*h\ Clear view nofthe sacrum arc necessary to recognise 
fine injures, and the small fractures which occur around the margin 
of the s lero iliac joint must often be misled m spite of good radio- 
graph} Compmson of the arehitceture of the bone around the 
sacral foramina on both sides is necessary The pattern should bo 
unbroken on both Hides if the bone is normal Narrowing of the 
bone on one side may be obv ious (l*ig 454) A most important view 
m doubtful cases, and m ciscs in which full details of the displace- 
ment are wanted, is the obstetric view of the pelvis Irregularity 
in level of the brnn of the pelvis is common in fractures m this 
region (Fig 402) 

Neurological ii vrunts The treatment of the bone injury is 
practically impossible, but neurological features aic often associated 
with such cases and these demand tre itment The lesion commonly 
present is due to pressuro on the first and second roots of the sacral 
plexus This produces an incomplete lesion and this, combined with 
the vagueness of root syndromes generally , may make the syndrome 
difficult to recognise It is obviously similar to that of a prolapsed 
disc but involves the second sacral root which is not usually pressed 
on by a disc The characteristic features of pressure on S 1 and S 2 
roots are — 


1 Parcesthesne, and varying degrees of loss of sensation of light 
touch and pm prick over the outer side of the leg (S 1, S 2 area) 

2 Loss of muscle power and wasting m the calf, the hamstrings 
and the buttocks, m that order of seventy Bicepb femons is some- 
times almost completely wasted 

3 Loss or diminution of the ankle jerk 

There is, of course, no interference with bowel or bladder function 
e reatment is confined to trying to maintain the tone and dev elop- 
men o the affected muscles, by exercise, electrical stimulation and 
assage t is characteristic of the lesion that, owing to the reten- 
^ ° Untary P°" er in a H muscles, the condition is not 

the minro i 1 i 1&pro P° rtlona te wasting m the muscles described, on 
the injured side calls for explanation The prognosis is good in the 
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the bone Coccydynu can, however, arise m the absence of fracture, 
associated with strain of the sacro-coccygeal joint only 

Treatment The displaced fracture must be reduced by a 
finger in the rectum, and the patient given two to three weeks rest, 
not necessarily all the time in bed If any feature of coccydyiua 
arise hot baths and postural exercises are commenced at once If it 
persists the patient is carried on by palliative methods, diathermy, 



Jig 4t,2 Obstetric \iew of peh is to show the displacement in a fracture of 
the sacrum Note the interruption in the outline of the pelwc brim 
Double fracture antenorlj 


radiant heat and the injection of prootocaine around the bone as 
long as possible Only if these methods fail is it justifiable to 
excise the coccyx In manv cases this will not cure the condition, 
the pain persisting as before, and the operation is to be avoided 

Fractures of the Sacrum 

Fractures of the sacrum occur in 45 per cent of cases of double 
fracture of sacrum, and the failure to recognise them is due to the 
difficult} ui getting satisfactorv views of the sacrum The sacrum 
i a strong bone very resistant to compression, but having a weak 
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Injury to lire urethra 'the tmcl of ■‘Miiptomi inilicituig tins 
\rc .Kmual brii.-mg, the «>|* of blood fro,,, the- un-thn. and 
retention of unm, to ulmli n fourth may In ruldcd. cxtrnn-ition 
of until, I compile rtion to lie noukrl at ill costs In a suspicion 
cast, Mho cannot hold unm miy loaner or in «honl tin b it i t 
is distmdid mid git mg pain, it m pistih.ililo to pnneturo tin bladder 
suprapubic illy is ofti n as is in is ssur> till In cun bo given tin. correct 
treatment to i\oul c\tn\ isitiou 

E\Tiui*n\ic huituiu or Till UUJTIIIIV 1 Uiy bo ill im* 
bulb liclou thu compressor urcthro S|iusm of this muscle tlicn 
gives ri^e to retention 


t 

1 



Fig 40 j ihe treatment of oxtrapcKic rupture of tho urethra Catheters 
are jobeitcd through both portions of tho urethra anti brought out tho 
perineal w ound 


2 May be in the bulb above tho compressor urethrae, when early 
extravasation will occur 

Ixtrapllvic rupture or Tile urethra Separation occurs at 
the apex of the prostate where tho prostatic urethra is torn away 
from the membranous portion It is clinically impossible in tho 
presence of extravasation of urine to distinguish this from extra- 
peritoneal rupture of the bladder 

Extraperitoneal rupturl of the biadder Extravasation 
occurs into the cave of Retzius, and the tissues betw een the perito- 
neum and the anterior abdominal wall The lesion lies in the 
anterior bladder wall and may be caused by a wide separation of 
the pubis or perforation with a spicule of bone 

Istr^peuitoneai. rupture of thl bladder Due to the 
bladder being full at the time of injury The rupture is posterior 
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average case, satisfactory recovery taking place As in neurologic il 
lesions elsewhere, the more complete the lesion at first the worse the 
ultimate recovery 

Transierse fracture of the sacrum just below the sacro lihac joints, 
* e , of that part which lies in the true pelvis, may occur from falls 
or kicks The displacement is usually small and the condition should 
be treated by early exercises, particularly exercises involving the 
pelvic diaphragm 


COMPLICATIONS OF FRACTURE OF THE PELVIS 

Death m fractures of the pelvis is commonly due to the associated 
severe injuries In 10 per cent of fractures of the pelvis alone 



Fio 463 Intrapclv jc rupturo 
of tho pro&tatic urethra 
showing tho course of tho 
oxtrav asation 



there are associated visceral injuries winch may cause serious trouble 
The urethra is commonly injured and if the bladder is full it may be 
ruptured Injuries to the vagina, rectum, or small intestine are 
much less common Still more rarely the pelvic blood vessels are 
torn, or the sciatic nerve injured If the nerve is paralysed this is 
usually temporary and demands no other treatment than the 
prevention of foot drop and electrical stimulation of the muscles 
In any pelvic fracture of any severity there is likely to be some 
lower abdominal rigidity whether there is injury to a viscus or not 
It is possibly due to retroperitoneal haemorrhage causing peritoneal 
irritation It can be sufficiently marked to confuse the issue when 
there is suspicion of a ruptured viscus In the case of the bladder 
more exact information can bo obtained, but in the case of suspected 
injury to bowel careful observation or laparotomy may be needed 


i- uACTUKhb or thi: im.ia is, sacrum an d ( occ\ k u~ 

In cxtrAix.ntoiic.il rupture of the bladder, or mtrapelwc rupture 
the urethra, the ngns of pcntonoil shock arc not j-o marked, and 
(litre is i pdpalde swilling in mini} cams, which is either an 
cxtmi&atian m tho lower abdomm il waJl or the disttnded bladder 
Ihc catheter jnv-ts and some blood it lined urine is witlidrawn 
mul this Ins lulled mail} people into a sense of fdsc secunt} 
It is, due to the esc ipc of i little* urine frit* in the ti-suis along the 
catheter To cirrj the dngnoMs further, the injection of some 
bone lotion will result in onl} a very small portion being returned, 
and a palpable merei-cm the suprapubic swelling 'lho injection 
of sodium iodide md m X TO} will show the scattered urine in the 
pelvic tissues, but the solution is irnt itmg to them 

At operation the b! idder must be repaired through a suprapubic 
incision without, if possible, opening the peritoneum The tissues 
bin oh ed in the e\trav JMtiou arc adequately drained and a catheter 
tied m the urethra In mtrapelwc rupture of the urethra the 
treatment is the. Mine, the catheter sen mg in this ease to retain 
the dislocated apev of the prostate against the membranous urethra 
The objection to a tied in cithetcr does not bold here as there is not 
the same tendency to stricture formation A suprapubic catheter 
may be left in as a safeguard, and it facilitates later changing of the 
catheter b} the railroad method The chief points of after-treatment 
are the frequent irrigation of the bladder with bone lotion and the 
avoidance of stricture by careful control w it!i sounds, and, if possible, 
the urethroscope 

In mtraperitoncal rupture of the bladder the catheter can be 
passed, but only a few drops of blood-stained urine are obtained 
,The features of peritoneal irritation are marked, and the shock is 
(greater If there is stdl a doubt some bone solution can bo injected 
along the catheter Only a small part can be recovered Laparo- 
tomy with suture of the tear, peritoneal drainage, and urethral 
drainage of the bladder is necessary 
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In the presence of any of the signs mentioned steps must bt^ 
taken to clear up the diagnosis and institute treatment as soon as' 
possible This can only be satisfactorily done m the operating 
theatre After cleaning up the anterior urethra, a size 8 gum elastic 
catheter of the coude type is passed If it passes easily and clear 
urine is vv ithdrawn then serious injury to the urinary tract is excluded 
If difficulty is met with accompanied by paip and hemorrhage, 
but the catheter can be passed, then partial rupture of the urethra 
has occurred One must then decide between leaving the catheter 
tied in, with risk of sepsis, and later stricture, or treating the case 
as a complete rupture, with perineal drainage in the hope of avoiding 



drained Another catheter is passed through the mot lira and tied m 

later scarring Personally vve have treated one such case by supra' 
pubic insertion of a catheter, and continuous suction for a fortnight 
The result was very satisfactory, but one case is not conclusive 
Failure to pass the catheter indicates complete rupture An attempt 
is then made to find the divided ends of the urethra in the perineum 
by passing a sound as far as possible along the penile urethra and 
cutting down on the end of this The difficulty of finding the 
proximal end is notorious, and if perinea! search fads *v supra- 
pubic incision must be made and retrograde catheterisation cirned 
out The two catheters aie brought out through the pennemjV 
and the tissues sutured around them with drainage If cxtiavasa- 
tion has occurred adequate incisions and drainage is provided m the 
affected tissues 


1 ItACIUULs OI- MIL I LMUK . 


Fractures of the head I fructuics arc rm md dmo-t 

t imiKi^ihlc to (Ingimc e\<ipt at ojk»ii ojieratinn Tin) may he 
•.U'.pecltd after ‘eun* injury to the lup, mh h is diMoc ition, m which 
the joint nmvonints do not return is rpmhU ns expected Most 
frutuixs of the hi ul t iki I lie form of tlnp frit tutu m n^oti ition 
with dis|m it ion of the lup utd it m i\ soiiittnms lit diflu ult to sax 
whither the fngmint in tin joint minis from the posterior lip of 
the uttilmlum or tlu In id Indisplucd frigminW nit left, and 
the hip is find ft om pixssmt h\ high triition (in to !*» Ihs ) for i 
few weeks uid tin n 
active non weight lit ir 

ingcurtMhioiinm uud , v 

Displ ieed fragments , t 

i should It removed l» , \ \N^ ft 

r open opcntion, if pre / 

'eating reduction If '• f 
not thc\ should he left ' * '[ \. 

as the results art muth * * ^V\ > \ 

tetter th m might he * ’ ' [ \\ y 1 

expected v , \\ 'jr 

Fractures of the Neck of \ , » v V / f( V \ 
the Femur Y N. ‘ ' r t ,'jm 

The fact tint the V Ve ^ * *W\ 
legion is most common V» ‘ ' . y' > * 

m elderly people, as«ou V r\ly 

ated with senile dec dti- » ' • yTL 

^ fication of bones, h is lent '»* ^ U 

1 to the treatment of the ' 1, & 

fracture peculm difficul- _ 
ties which aro still onlv 

mrtltf i i * Fie 4S7 1’iactuio Bites m the upper end of tlio 

t y resolved The fimur Subcapitnl fractuios occur moat fro 

lesion is slightly more qucntlj between tho two uppet lines Pertro 

(, nmm ® * chunteric fiactuics occur between tho two 

non in women, show lower lines In between these areas is a strip 

mg, like Colies’s fracture of bone in which the so called lateral fracture 

a tomlivn v \ ' of t ^ 1 ° nec k of the femur occurs More 

ucncy to be assoei- important than tho sito of fiactuio is tho 

ated With obesity mdl obhquitj of tho fiacturo I c its relation to 

eating that the decalci tho ttX ' 3 ° f th ° n ° ck ° f th ° funup 
fication may he paitly an endocrine disturbance To this f ictoi tie 
a td two others, tlie neck of the bone is inclined moie neuly at t 
it angle in women and tins increases the Ievciage possible, and 
/Mhe bones are thmnei 

The situation of the fracture, lying across a cui v e in a bone which 
s wres with^nother the weight of the body and is subject to the full 


lie 41)7 Fiactuio Bites m tlio upper end of tho 
femur Subcapitnl fractuios occur most fro 
qucntl} between tho two uppei lines Pertro 
chuntcnc fiactuies occur between tho two 
low er lines In betw een these areas is a strip 
of bono in which tlio so called lateral fracture 
of tho neck of tho femur occurs 'More 
important than tlio sito of fiactuio is tho 
obliquitj of tho fiacturo i c its relation to 
tho axis of tho nock of tho femur 



CHAPTER XXVII 
FRACTURES OF THE FEMUR 


Surgical anatomy Development The primary centre for the shaft 
appears, at the seventh week Secondary centres appear as follows 


Head 

Greater tuberosity 
Lessor tuberosity 
Lower ep)phy8is 


First year \ 

Thud year 

Thirteenth} eai j 
Shortly before bnth 


Fuse with the shaft about 
eighteen years 

Unites twenty three tc 
tw entj four j ears 


The femoral neck in the adult makes an obtuso angle with the shaft, whici: 
varies from individual to individual, and is lc&s m tlie female but average; 
about 120° The neck is also inclined forward at an angle of 10° to 15° Iron 
the frontal plane It is to bo regardeil as a continuation of the shaft of the 
bone which is modified by growth so that it lies at the angle described Tc 
it is attached the greater tuberosity and tl o les»er tuberosity In accordance 
with the laws of ossifying bones a greater density of bone is laid down on the 
inside of the cun e of the neck forming the calcar femoralc The outer side 
of the curve winch becomes the upper part of the neck is modified to cancellous 
bone and incorporated m the trochanter the internal trabecular formatior 
corresponding to the lines of stitss through the bone The strength of the 
calcar femorale is the determining factor m the position of fractures of the 
upper end of the femur, and a spike of it impacted into the cancellous bone of 
the head may be the cause of failure to i educe a subcapital fracture 

The blood supply of the head of the bone is derived from arteries in the 
shaft of the bone v t-wels cunning along the capsule of the joint and passing 
hack along the retmacuke , and the artery of tho hgamentum tc res Tins 
extensive anastomoses consequently requires considerable displacement of 
bone before tho blood supply of the head is interfered with 

Tho epiphyseal hno for the head is entirely mtracapsular that for the 
great trochanter partly so At the lower end the epiphy&is is intiacapsular 
anteriorly It is ab>o to bo noted that tho adductor tubercle is on the 
metaphysis and not on tho epiphysis 


Fractures of the Upper End of the Femur 

Fractures of the head of the fcinur 
Fractures of the neck of the femur 

Ihdtal or subcajnlal l ^uclwyi 
\ Adduction | 

Lateral -idductionf 

Pertrochanteuc fiacturcs 

Separation of the epiphy ''is for the head of the 
femur 

Fracture of the greater trochanter 
Fracture of the lesser trochanter 


12 

SB 


0 o per cent 
J3 


HIU3UKL.S Ob rim 1UMUU 


r*i 

or above it If the troJmut* r i» clo\ated it he 4 lit low llit 
umbilicus 

(«/) Vomwllj Imu joining tho two niittimr *<upi nor iliac nml the 

tips of t lm two trochaut« n an pat alii I If the t rot hunt < r is tl* vaUtl 
the j ate au^itlattx! 

3 I ho trochanter inuv lx m an r tin mu] lint than not mill 1 his H hi >»t 
muv-uml with caUqx r*, but it ma> lx nmghh takui h\ muwirmg from the 
«itd lint to tho an tenor bonli r of th< tmehauN r 

4 Tilting hip move uunts 

(а) Hevum I k\ t1io«soun«lU ( » full\ to «\i nomo ooinpi matorj lordosis, 

um{ for comp in-on A (i\ixl Hi won *l< f«nnih may IhcwwmioIii join 

(б) LnUumoii I ift tho limb off tho couth with tho pntii nt 1} mg on his 

fact, or nrr) tho Imili backwards on tin arm with tho patiint hmg 
on the ‘•alt Normally 11° 

(c) Kotution Roll tho calf on the couch with tho Hat of tho hand and 
compare with tht other salt u-ing tho foot as a conv tint lit indicator 
/ otdi^rvt 

* (d) Vbduction Abduct tho stuulv mg tho pelvis and compare 

(e| Vdduction Cross tho tlnt.li over the thit.li of tho opposite side 
Normally it should truss tho tniddlo thinl 

Physical signs in fracture of the upper end of the femur In 
order to woid repetition the general features ninth arc. common to 
'til fractures will be outlined and the differences of individual 
fractures mentioned under thur ow n heads 

History Cli xract crist icaify one of slight \ lolcnce in old people 
The average age for fncturcs of tho neck is about ten years less 
than for pcrtrocli uiteric fractures, where the highest incidence 
is between sixty and seventy jears The strain is usually a 
rotational one caused by stumbling with the foot fixed, eg , against 
a step frequently there is a fall on the extended leg Abduc* 

, tion fractures arc frequently associated with fall* on to the outer 
f aspect of the great trochanter, characteristic illj seen when a ’bus 
starts suddenly and throws the patient to the floor on the side 
Any elderly person who sustains a fall fiom which he is unable to 
rise, and after winch the use of one leg ;x lost, has m all probability 
a fracture of the upper end of the femur, and tins must be proved 
or disproved by radiography 

Inspection Tins will show a patient suffering v \anablc 
amount of shock, often not very gieat, lying with the limb flat on 
the bed and the leg externally rotated 

Disability. This is least in abduction fractures with which the 
patient may hive made some attempt to walk In most cases it 
is complete and the patient cannot make any mov ement of the limb 
at the lnp 

Shortening Tins may be measured by the elevation of the 
trochanter or the alteration m the length of the limb It varies 

rom an undetectable amount to 2 inches At the same time the 
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leverage of the hrab, increases the stress and strain to which the 
repair line of the fracture is subjected As in fractures elsewhere 
impaction strain aids union, but shearing stram delays it In 
fractures of the neck of the femur the nearer the fracture hue is to 
the vertical the less the impacting strain and the greater the shearing 
strain A minor factor acting in the same manner is the angle of 
the femoral neck, the more oblique the neck the more the weight wall 
act through the fracture line, and will tend to impact Fractures 
just below the head (medial, subcapital or in tra capsular) arc more 
frequently oblique and show a greater tendency to unite than the 
vertical fracture which is more characteristic of the lateral (extra- 
capsular) fracture of the neck Distinguishing between these two 
types of fracture has been shown to be unimportant and unjustified 
as the so called “ extracapsular ” fracture is zntracapsular anteriorly , 
The degree of obliquity of the line of fracture is far more important 
than its site 

Any tendency of the upper fragment to be abducted would 
increase the impacting force of the body weight, and so promote 
union This is seen in the classical abduction fracture which is 
always combined with impaction The fracture unites readily, and 
with a good result Treatment to obtain union of the fractured neck 
of the femur is therefore directed towards two objects 

1 Fixation of the fragments and avoidance of a shearing strain 

2 Impaction of the fracture, or the alteration m the line of 
transmission of the body w eight so that it acts largely as a compression . 
force on the fracture site 

The influence of this last- mentioned factor is seen m the union 
of old unumted fractures of the neck of the femur after a Lorenz or 
McMurray osteotomy Only one line of treatment conforms to these , 
principles and that is opera ti\ e fixation wifli impaction of the fracture, > 
which is mo^t efficiently carried out with the Simth-Teter&en nail 

The examination of the hip A summary of the most important clinical 
observations to be made is given, but these are often of academic interest 
only and radiographs are of the greatest importance 

1 Pleasuring the length of the limb This is measured from the anterior 
superior iliac spine to the internal malleolus with both legs extended, the 
tape running on tho inner aspect of the patella and with the pelvis level, to 
av oid error from adduction or abduction of the kgs 

2 Estimating the position of the tsochanter 

{«) Nclaton s line A line from the anterior superior ihac spine to tho 
ischial tuberositj crosses the tip of the great trochanter 

(6) Brj ant’s triangle Tins consist-, of dropping a v ertical line from tho 
anterior superior ihac spino m the recumbent patient and measuring j 
tho distance tho tip of the trochanter lies below it ^ 

fel Shoemakers hue A lino prolonged from tho great trochanter through 
the anterior ihac ‘•pme normally crows the mid hncat tho umbilicus 
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tests, for the elevation of the trochanter and its approximation to the _ 
mid-line may be applied The restoration of the limb to its normal 
length and its maintenance is an important guide to the reduction 
and retention of the fracture 

Pain This is variable It is minimal in the impacted abduction 
fractures where movements of the hip may be passively elicited 
The pain may be referred to the knee Tender ne&b is alw ays present 
and the situation of maximum pain, over the head of the femur 
or over the trochanter, may help to localise the fracture 

Swelling In fractures of the neck it is maximal over Scarpa’s 
triangle, and in the pertiochanteric fractures in the lateral aspect 
of the thigh around the trochanter Pausing appears m 1 to 3 
dajs at these sites 

Other signs are the relaxation of the 1 I 10 tibial band due to \ 
shortening, which allows the fingers to be pressed m more deeply 
over the tip of the trochanter if the sign is not obscured by swelling 
Rotation of the thigh at the fracture site instead of through the h p 
is painful to elicit and difficult to observe Telescopic movement is 
also painful and obscured by muscle spasm or impaction 

I vip acted fractures All impacted fracture may occur in 
both the neck and m the pertrochanteric region The signs, such 
as pain, shortening and swelling all tend to be less obvious Move- 
ments at the lnp may be passivelj elicited and crepitus is absent 
The impaction can usually be seen radiologically Abduction 
fractures are always impacted, due to a combination of the action 
of the force producing them and the direction of the fracture line 
which is almost at right angles to the lme of transmission of 
the body weight, and this tends to further impaction on weight . 
bearing V 

To distinguish clinically between pertrochanteric fractures and ' 
fractures of the neck of the femur is not usually easy, though the 
following points maj help Owing to the bone on the posterior 
aspect of the trochanter being softer there is a greater eversion of the 
limb in pertrochanteric fractures The shortening is greater and 
the sw ellmg and pain is localised to the trochanteric region 

X-RAis As with fractures elsewhere correct orientation can 
onlj be obtained with films taken in the antero-postenor direction 
and m the lateral direction An appaiently good position in the 
A P film ma} show gross displacement on the lateral plate Similarly 
cate nmbt be taken, over the rotation of the hmb, not onh, m reduc- 
tion but in the diagnosis of the actual fracture With the limb 
everted the plate shows a prominent lesser trochanter, and the 
intertrochanteric lme winch is po&tcrior crosses the neck of the 
femur while m the inverted limb the lesser trochanter passes behind 



Fjc 40b Anteroposterior film of the Fir 46!) Anteroposterior film of the noni) 
normal hip in inversion Note the hip in eversion for comparison with tl 

disappearance of thp lesser trochanter previous figure 

tho increased density of the calcar 
femorale and the fact that tho inter 
trochanteric line no longer crosses tho 
neck of the femur 
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the lemur, the e ilear feiuorale becomes more a ^ 

« mtcitioclmntenc lino lien 1 iteml to the neck (I'igs le 
ClUMS 01 in VTIt IN HUlTtlllLg 01 Till* Ul’lIIl • 
hmuh Shock, 4 ptr cent A^-ouated injuries, ; 
Bronchopneumonia ami other chest complications, 1 1 | 

Cittlnc fulurc, T» percent Bedsores, S per cent Other v , 
3 per cent ^ 

Abduction Fractures of the Neck of the Femur 
Clnrictcnsticilly impielcd, with mild signs uul symptoms, 
they arc most commonly duo to fills on the side, driving the grcit 
troch inter mw irds In the X-ray the he ul Mill be found to he 
pushed ov er the upper isjhict of the neck, thus app iruitl} shortening 
it, Mlule the lower curse, 1 icking the projection of the he id, appears 
t fl ittened The fr ictiire lino being almost at right angles to the line 
of the body m eight. Me cancncourigc weight herring, knowing tint 
the weight will onl> imp ict the fracture further The impiction 
prevents shearing strun, and ill that is inquired is a guard to 
prevent sudden rot itional strum* Union occurs rapidly in si\ to 
eight weeks, uul the disability is small, the only movements lost 
being the imal degrees of abduction and internal lotation, while 
slight eversion of the foot usually persists 

Treatment Tins consists of the application of a short w liking 
plaster spica, and in the cases w hero it is possible the carl} cncouiagc 
inent of walking Tlio plaster, ajiphcd with the standard piddmg 
is well moulded around the pelvis and comes only to the level of the 
costal margin and as far as the knee To pi event swelling of the leg 
/* n Unna’s paste stocking may need to bo applied from the webs 
■ | of the toes upw ard to the knee, and an elastic knee cap giv en 
No attempt at disimpaction or coriection of the eversion of the foot 
must be made 

In an activ e, thill patient walking is easily learnt (Fig 1 25) The 
plaster is worn for ten to twelve weeks, and then completely dis- 
carded In old and fat patients a hip spica is very difficult to apply, 
and when applied the patient cannot use it on account of its weight 
It is much better to keep such patients m bed and give them active 
exercises Xo retentive apparatus is required, and after three weeks 
tlie patient can usually sit out of bed Weight bearing is not allowed 

for six to eight weeks 


Adduction Fractures of the Neck of the Femur 
Aledial (Subcapital, mtracapsular ) ) , 

Lateral (So-called extracapsular ) J bussed together 
The medial fracture is the more common, but there is often 



COMPLETE OUTLINE OF FRACTURES 


difficulty in deciding to which group a case belongs, owing to tht 
obliquity of the fracture line Generally speaking, medial fractures 
tend to be more oblique, while lateral fractures tend to be vertical 
More trouble with the blood supply to the head can be e\pected ir 
medial fractures The vertical fracture is, however, more difficult 
to impact, and more subject to shearing force, and because of thn 
union is less readily obtained 

The principal difficulty with these fractures arises from the type 
of patient in which they occur, and the complications arising from 



tia 47- Fracture of the neck of the Pig 473 The same case after a fe 
femur of the adduction tjpo daja bkeletfll traction showing tk 

external rotation in part corrected an 
t the fracture line to be at right angl< 
to the axis of the neck of tile femur 

the prolonged immobilisation of the patient These are so frequent 
and distressing that the mortality rate of operative treatment, which 
enables the patient to have greater freedom, is much better than 
that of non operative treatment If we add to this the fact that 
the results of operative treatment are better, the conclusion that it 
is the correct treatment is inevitable Further, the alternative, 
j g j a plaster spica, is no simple proceduie in an old person and 
productive of almost as much shock as a simple operation 

The choice of treatment lies betw een (1) Continuous traction ~ 
(2) fixation in a plaster of the Whitman type , (3) operative fixation 
of the fragments 
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treatment wltmv.r ,m«., 1,U .....1 .... .me «1.«.<M '•< ,lu lL, ‘ L 

consol itmn (if the Snntl. 1’cHr^n .,,..1 w.tl.out .....lure ton-.,. tier. aU.m 
Wo nu\ commence our d Million b\ t,nt « 

trcitmcnt by tr.a.on sl.oul.l I* ...-l.tutcl .1 omc B} j> ' “'"8 ° 

leg on n Brums spl,„l .»! .mtrtmg a K.rsc hour ».ro tl.ro ugh he 
t.b.nl tuberosity on ulncl. .s pi uul .. weight of one ° 
body weight, one c... rU.o.e the p.t.ent of n...el. ,nm .n.l re cr 
the nursmg c.wer 'lhe whole prmtulmg c >n be i <1o..o in ulcr 
(local anesthes.., .ml docs not add to the shoes l\ ith oflicient 
traction the mapmty of fr.ctures cm Ik. slowly reduced, which 
simplifies the neat st .go when it is rei.ly to 1» done Certain cas 
will succumb to shock or other injuries in twenty-four to seventy- 
hours The majority will improve m condition and in them the 
possibility of opcritivo trcitmcnt must be considered lime is 
given to estimate the patient’s icsist mu, and to lines iga e ic 
cardiovascular and renal sjstem Experience shows that mast cases 
denied operation on account of thur general condition i ic rom 
hronchopneumom i or heart failure Of those submitted to opera ion 
a verj small percentage die as the ic-ailt of the operation (- per ceil ) 
and a few succumb 1 iter from chest and cardiac complications 
Ninety per cent of the piticnts recover, and lead a life comparable 
m length to that expected before opention, but with a vastly more 
•» comfortable existence A high percentage obt un bony union w it 1 a 
v functioning hip While operative ticatmcnt has added certain snia 
complications it has removed so many grosser ones that it has 
become the treatment of choice 

Continuous traction Traction by a wire or pm m the lowei 
end of the femur will reduce the majority of fractures, but 
continuous traction tends to ovcr-rcducc, that is, separate the 
fragments, and so results in non-union It is, however, the least 
dangerous treatment so far as life is concerned Its uso as a 
preliminary to other methods of tieatment has been outlined 
It makes the patient comfortable, allows more movement in the bed 
than a plaster spica, and enables the patient to carry out some 
physical exercises 

f* Such treatment is best maintained by a pin m the lower end of 
the femur, which gives gi eater control of the eversion of the leg, and 
allows freer knee exercises A wire in the tibnl tuberosity is, 


456 


COMPLETE OUTLINE OF FRACTURES 


however, frequently put in first while the case is under consideration 
Such a wire should not remain more than three weeks to avoid 
stiffness of the knee At the end of this time it is moved to the 
lower end of the femur, and at the end of a further three weeks 


Unna’s paste extension is substituted for it (Fig 501) The latter 
allows complete exercise of the limb which is carried out once daily 
The amount of extension used varies with the w eight of the patient, 
being approximately one-seventh of the body weight, and this is 
increased or decreased according to the changes seen in the X-ray 
plate At the end of six weeks the weight is reduced to 10 lbs 
on the thigh extension and 4 lbs on the leg extension At the end 
of twehe weeks the patient is sat out of bed and a walking calliper 
fitted Non-union is a common result of such treatment, but it 
is surprising how well the calliper is handled m active cases in 
spite of this Union when it occurs is in good position and -very 
satisfactory For this reason in young patients (under eighteen 



Fig 474 The reduction of a fracture of the 
femoral neck by manipulation First stage 
Traction 


years), m whom non- 
union is not to be feared, 
the method is still a 
good one, and to be re 
commended At present 
in old people the method 
is applied to patients 
unfit for operative treat- 
ment, and so its results 
are poor 

Whitman’s plaster 
This method is not a 
satisfactory one as the ' 
proportion of unions J 


obtained in the best 



hands is only 60 per 
cent , and the method is 
liable to lead to stiffness 
of the knee and hip on 
the affected side Added 
to this it is not an easy 


method to apply to an 
old patient, and while 
the patient can be moved 


more easily the patient 
himself finds more diffi-*' 


cultyin moving A few 


active thin pitienK can 
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m i Whitman plaster with a walking iron applied to the 
ph^tcr ui<l the heel on the sound side built up If this cm be 
done many of the objections to the method are done awij with, 
but it is nrelv so (Iig lit) 

3fi Tiioi) The fracture, if reduced by continuous traction, will 
require little nnmpulntion when the pUicnt is on the orthopidie 
table, which sues the piticnt some shock If unreduced the hip 
is reduced bj nwnipul ition, the leg being forcibly extended, inwardly 
rotated, md abducted, while the otlicr leg is pulled on to fix the 
pelvis The feet arc then itt ichcd to the foot pieces, and the legs 
held in slight ihduction and intern i( rotation An X ray is taken 
to bo cert un reduction has been c lined out If this is «iti*>fictory 
the leg ls rclixcd v little, indthe neck imp ictcd Kimchcav} blows 
with i hatnmer on v felt pul held o\er the greater trochanter 
Others attempt to do the same thing bj pushing on tlie abducted 
leg ag mist counter pressure on the opposite hip A firm plaster 
is now applied, using the padding prcviouslj described (page 173), 
from the toes to the chest, holding the leg in internal rotation and 
slight abduction Such a plaster is maintained for three months 
On icnioN il the patient requites some exercises to rcstoie move- 
ments to the injured limb, and as soon as possible is fitted with a 
walking calliper which is worn for a further three to six months 
X ray control is exercised throughout the proceeding Swelling 
of the leg after removal of the plaster is controlled by an elastic 
knee cap and an Unna’s paste stocking below 

If the patient is able to get about in ins plaster the proceeding 
is the same, but if non-union is picsent at the end of three months 
j J t is reasonable to re apply the plaster for a further three months 
* This method is suitable for the rare case of fractuie of the neck 
of the femur in joung children when the plaster is required for ten 
weeks only, the child being kept m bed 

Operative fixation of fractures of the neck of the femur After 
reduction of the fracture by traction and the investigation of the 
patient’s general condition, the decision to operate is made, and as 
the cases refused operation nearly all die from complications, it is 
permissible to take some risks The choice of operation lies 
between the following methods, each suitable to particular cases 
1 Open gplkatjov, exposing the hip joint and fracturo, accom- 
panied by a Smith Petersen pin The exposure of the lup increases 
the shock of the ojieration greatly, and lias been superseded by X-ray 
controlled methods It may be necessary m the few cases of fracture 
r ' >ll,c h cannot be reduced by continuous traction or manipulation 
“ Inseution oi a bone ou ait This usually is an autogenous 
peg cut from the fibula While encouraging union, it does not 
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prevent the shearing strains at the fracture site, and the results are 
not so satisfactory os from naihng, though it may be the method 
of choice in young patients (Figs 470, 471 j 

3 Smith pftersen nail Tins nail of stainless steel has three 
flanges which obtain a good grip on the head and so prevent rotation 
It serves as a guide o\er which accurate and forcible impaction 
can be carried out and produces a high percentage of bony unions 
(90 per cent ) Carried out by a “ blind ” method using X-ray 
control the method is not products e of shock, and by allowing the 
patient “ the freedom of the bed ” materially increases his comfort 
and reduces the number of complications 

4 SmITH-PETERsON NAIL ACCOMPANIED BY A BONE GRAFT This 
is an endeavour to combine the 
advantages of methods 2 and 3 It 
may be used in unumted fractures, 
or fractures of some standing in 

which there is absorption of the Fw 476 Smith Petersen nad, show 
, , . , , L , mg the central canal for the guide 

nock, and it has been used in recent 

fractures where the vertically of the fracture 'me suggests difficulty 
in obtaining union by a nail alone 
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Fig 417 The first step in tho nailing of a femoral neck The guide Hires 
are introduced cither bj using one of the many guides on the market 
or bv the estimation of position from Kurfaco anatom} or under tho 
screen Mo t important i* the Intend \ h u of tho n«-ck 
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To describe in detail the various opcritivc methods is beyond 
the scope of this book, but a brief outline of the established methods 
is given below The development of the X raj controlled technique 
has brought many instruments to light designed to facihtito the 
insertion of the mil The superiority of one method over another 
is debatable, the most important pirt of nnj technique being the 
surgeon’s faniih irity with it, and its hfmtations As a general guide 
the simplest of methods will be outlined 

1 Reduction This is done by continuous traction beforehand if 
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possiblc.but if this is not satisfactory the patient is mampul itedon the 
table IfCadbetter’s manceuv re, consisting of strong ti act ion combined 
w ith forced internal rotation is often used Reduction is tested by noting 
whether the foot externally rotates when placed on a Hat surface 

2 The highest point of the femoral head is now marked by taking 
a point i inch below the mid point of 
a line jommg the symphvsis pubis 
and the anterior superior iliac spme 
A skin clip is placed here, with, if 
preferred, a further clip an inch on 
either side of it, on a line parallel 
to Poupart’s ligament If desired 
clips may be placed over the greater 
tuberosity 

3 Antero-postenor and lateral 
X-rays are now taken These show 
the reduction of the fracture and 
the relation of the head to the clips 
The correct angle for the insertion of 
the nail m the frontal plane can now 
be appreciated The slight forward 
angulation of the neck may bo 
allowed for by directing the wne 
towards the anterior superior iliac 
spine of the opposite side 

It is however mucli easier to 
invert the limb till the neck of the 
r ^ e,nur is parallel with the top of the 
table, and insert the wire in tins 
line 

* An incision is now made over 
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the great trochanter, under local orgener.il anaesthesia The bone is 
exposed below the line of attachment of the \ astus lateiahs to the 
tiochanter The point of entry for the guide is l to 1 inch below this 
A small area of cancellous bone is removed here with a wide (£ inch) 
drill or a small gouge A thick Kirschner wire or a Watson Jones 
graduated guide is now pushed into the bone from this point in the 
calculated direction Jf desufed a second wire at a slightly different 
angle may be inserted The procedure may be facilitated by doing it 
under the X ray screen 

5 Further X rays are now taken m the antero posterior and 
lateral direction On these the coirectness of the position of the 



Fir 4S0 Cro=s piece of wood attached to the heel of a planter shoe to 
pre\ mfc e\ersion of the foot The same effect ina> be acbio\ ed h> 
nailing it on to tlio heel of an ordinary shoe 

guide is judged, and the most suitable guide selected The other is 
removed The ideal position of the guide is central m the lateral 
view', and running nearer the lower border of the neck but parallel 
with the centre line of the neck, m the antero posterior film The 
length of nail necessary can be calculated directly from the Watson- 
Jonts guide, or if Kirschner wires of a fixed length aie used from 
the amount of wire extending beyond the trochanter A nail { inch 
short of the distance between joint line and trochanter is selected 
This is to allow for impaction of the fracture over the nail 

6 The nail is now placed on the guide ware and driven home 
over it The guide wire is withdrawal and the position cJ\eck°d m 
antero posterior and lateral X rays If satisfactory' the fracture 
is now impacted by several blows on the trochanter with the impact- 
ing instrument after traction is relaxed This should cause the 
nail head to protrude a little from the surface, and it is then driven 

home The wound w then closed 
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iflcr lualmrnl 'lint h.is % iried m Minoru climes to .v rcnmrk- 
^ Uc i CRVCC A ill Hit slim. n. .> U. 1>I .ceil on u.o foot, "d>> o imal 
Went bir to proud Intend rotation, otlKrn.se tl.c patient o left 
free m tin, lied Moiunrnts •Hid exercises arc encouraged as oo 
as possible Delnte irises prinup.il> oier the time winch shoo ( 
ehp-o liefore weight he .ring cm he illowc.l It » the 1'tKCt.cc of 
tome to lllow it ll.llliecll itel> , others insist oil three months rest ill 
bed The effect of weight hearing depends to a great extent on tl 



Fig -I'll The final position of the He 4 si Tho final position of the pm .» tho 
pm in the lateral film antero posterior him 


angle of the line of fracture, and it is» our practice to allow it at the 
end of a month when the line is ti*w>\er^e, but to delay it for two 
month* if the line is more aertical This, of course, is subject to 
the X raj showing e\idence of satisfactory position impiction, and 
later, union 

The Technique of Nail Insertion 
The simple method described is a composite method, points 
'keing taken from various techniques The ami of all special tech- 
niques is to de\ise a method for inserting the wire accurately in 
the femoral neck, allowing for the angulation of the neck of the femur 
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the great trochanter under local or P entral anasthtsia The bone i» 
exposed below the line of attachment of the vastus lateralis to the 
trot banter The point of entry for the guide i> ^ to 1 inch beloir this 
A small area of cancellous bone is renioi ed here with a wide (£ inch) 
drill or a small gouge A thick Kirschner wire or a Watson-Jones 
graduated gu.de -s now pushed into the bone from this point in the 
calculated direction- If desirtd a second wire at a slightly different 
angle may be inserted. The procedure may be facilitated by doing it 
under the X-rat screen. 

o Farther X-rays are now taken in the antero-postenor and 
lateral direction On the^e the correctness of the position of the 
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pirve-ii «er->i , 'a cf the fact The ttoe effect xuai aclueve'd by 
r-.tul.s- it oa to tii l**l of orcLnarv t-hue 

guide is judged, and the most -unable guide selected. The other is 
removed. The ideal portion of the guide is central in the lateral 
new, and running nearer the lower border of the neck but parallel 
with the centre line of the neck, in the an tero po-tenor dim . The 
length of nail ne-ees-ary can be calculated direc tly from the Ifat-on- 
Jones guide, or if K-r-thntr wires of a fixed length are u-ed from 
the amount of wire extendu g berond the trochanter A nail l inch 
short of the ckstanc^ between joint line and trochanter is -eJcctecjL 
Hus »s to allow for impaction of the fracture over the nail 

0 The nail is now placed on the made wire and driven home 
over it The guide wire i- wnhdra m and the po-ition checks! in 
ant-ero posterior and lateral N rar- Jf --factory the fracture 
-s now impacted by several blow- on the tror banter with the injjiact- 
m-y instrument after traction is relaxed This -hcmld cau-e the 
ni head to protrude a hn Je from the -urf^-e aid it is then dn-en 
home Tiff voJid is tWa 
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million of the who in both plane* 'I he construction of the 
t guide cm Ixi *cui in (lie illustration* A wedge *h iped ‘•cctor is 
cunhscd with toinciging square holt*, between wlnth he ribs of 
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m the frontal plane, and the forward inclination of the head of 
17 degrees from this plane It is this latter inclination which is the |V 
most difficult to make allowances for 


The Bailey Guide 

In this method a metal tongue is run along the anterior surface 
of the femoral neck by open operation A w ire inserted parallel to this 
will thus have the required forward inchnation The angle m the 
frontal plane which is comparatively constant is allowed for by a 
metal block from which the guide tongue juts out at the required 
angle This block is pushed up firmly against the outer aspect of 
the trochanter, and carnes the guide holes for the insertion of the 
Watson Jones guide Tins method requires under exposure of the 
parts than other methods 


>- 



The Hey-Groves Guide 

This consists of a solid graduated square rod to which are 
attached (1) a short blunt upright fixed at the end , (2) a movable 
pointed upright, slightly longer than the 
first , (3) a director for the guide wire, 
which inserts it a fixed distance (equal to 
the radius of the femoral neck) below the 
pointed upright In use the correct angle 
in the frontal plane is calculated from 
skin marking with clips, or the notched 
angle guide, or, if desired, the instrument 
can be used under the screen points oil 
this line over the head and neck arov 
marked, and the skin perforated with ar 
sharp knife The blunt point is then 
forced through the subcutaneous tissues and muscles till it is in 
contact with the held of the femur, and the pomted upright like 
wase m contact with the neck of the femur The guide piece is 
then attached, and an incision made over the great trochanter so 
that it can be pushed into contact with the bone and a Watson 
Jones guide inserted Tins method is accurato if the anterior 
surface of the neck of the femur is reasonably smooth, i e , the 
fracture has been reduced satisfactorily and there are no displaced 
fragments of bone 


fio 4 S3 The Hey Groves 
guido for accurate jmertjon 
of tlio guide \t ire 


The Engel -May Guide , 

The prmciplc of this guide is the u^c of i calibrated ^cctorTx 
attached by a pin to the femur, in such a m inner that it m iy be 
turned from the frontal to the transverse pi me, and so guide the 
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js thin re id off, uni the guide wut drilled down tlie appropriate 
J cmd Oiut-t lion hn* mm bun irnidc for both inglu ofthc* fc moral 
nccK 'I lie Ungth of pin nudtd w rilmldcd b\ -unplt proportion 
from the i idiogi iph the U ngth of the I ugc I Mnv guide* Ik mg hnou 11 
M m\ otlu r n um *, \\ it -on lone* Ilritt.nn to— uu llmcUr-on, 
to mention md\ a few, tire u —minted w it la due lopnu nt* m the u-o 
of vinous method* Vu ippt il to the li^t or reference* it tin end 
of the chipter mil of further information bung found 
Complications of Nailing 

1 U-o of too long i mil Allowance must be mule for \ ra> 
distortion mil for imp u turn m e iluil iting the required Ungth of 
mil If the tmil ndiogripli -hous it to he obtruding on the 
icet ibulum it must he pirth withdraun 

1 lilting of the fimoril he id ’llu* occurs from the blow** of the 
h mimerwheiithehe nlisinMilhtitnth ii\e<l b\ thegindc wire \ guide 
wire of sufficient strength not to bend, and inserted into the he id to .1 
sufficient depth to obt nn a good hold are therefore necess ir} 

3 PuietrUicm of the* guide win* If i Kirstlmer wire bends it 
m i} he timed tlccfier into the tissues b} the nail In a sumtir 
nnnncr the -erntions on the Watson Jones guide ma\ t itth cm the 
point of the nail and so forte it into the utetabuhnn \ pause must 
be uncle m h imnuring the n ill and the guide «m checked up for a 
decrease in the imouiit protruding 

4 Fr icturc of the mil Tins raid} occuts ftoin met illit Haws, 
or incorrect insertion of tlie nail with earl} weight he nmg 

5 Erosion of the mil Tim, piocess is due to munition it 
ic-ults in loosening of the mil Vcr} oee woualh with mferme 
allo}b it may prodtiu fracture of the nail Nails of a special nem- 

1 magnetic st unless steel must he used 

0 Extrusion of the nail This occuik man unexplainable* fashion, 
even in correctl} n uled c ises The forces of expulsion aio consider- 
able, and require a deep]} buried cioss pm to picvent their action 
Difficulties with fracture of the neck of the femur 1 Ni citosis 
of the head This is presumably an a\ isculai neciosis shown by 
the mcrease of density of the head computed to the snrimmdmg 
bone winch Ins undeigonc disuse itiophy It becomes appaient 
only about the sixth week In certain eases it is possible foi 
revascularisation of the head to occur when the unifoim dens it} of 
the bone will be replaced b} eircuhi clearei patches wheio the blood 
suppl} is being re established At the end of tho process the head 
^will appear of a similar density to the rest of tho bone Unless 
X rays have been taken at regulai intervals this will bo o\ ei looked, 
t lough the head usu illy shows some lriegulanties fiom which it 
may he deduced Such changes occurmg in a head which has been 

cor 
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by a square pin to the outer aspect of the great trochanter in a 
position as correct as it is possible to achieve from clinical judgment 
A radiograph with the guide lying in the frontal plane produces a 



Fio 48 d The Engel Ma\ guide as it appears in the A P radiograph 
Isoto ita attachment to the trochanter bj the central pm 

picture smnlai to that of Fig 485 From tins it is easy to read ofl 
the canal corresponding to the central line of the femoral neck A 
new square pin is inserted down this canal, and driven a short 



distance into the cortex bj a smait hammer blow The first pm is 
removed, the guide turned through 00° on the second pin md 
fredi radiogr iplw taken (Fig 4SG) 1 lie correct ingle in this pi me 
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nailed obnoudy demand a delay in weight bearing till the circulation 
i> rc-torcd, or evidence of j/ermanenfc necro-is is established. If this 
has occurred it is n-ele*.- to expect union, and some form of operative 
interference has to be undertaken to improre the efficiency of the 
bjp ^hoold the head be reconstituted h\ new bone formation it 
al^ap remains likeh to dciejop traumatic arthritis, and in older 
patents this is an alroo-t invariable comphcation After pinning 
ine dnficulti in determining union nece- itates leading the pin in 
position otherwise one mat get refracting and e-tabh-hed non- 
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union after removing it For the Mme rea.-on the use of a cross pm 
to present extmion of the nail is desirable 

2 ^O-V-rsios Tni- i- -ho m b* atrophy of the ne*k and an 
mcrea-e in the c ap between the framnenx- Tri- i<* difficult to treat 
iali-fattordv In the old and feeble thc\ fan be encouraged to a-e 
a walking calliper or if tho- 1 - too chnn-i for them a < ruuh or -tirL- 
g m , r . r e r patients handle a aalkiru «albpe.r uelL In toiin^er 
uatients an attempt must be made to obtain honv union by a Vmth- 
Fe terpen nail, alone or together with a bone peg If non union 
follows a nailin g operation, and the patient is fit, the neck rua\ be 
renairf «th the addition of a bone trraft 
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In patients lit for opt tat ion in whom non union h est ibli-ditd by 
cither nccro'-K of the In ul or atrophy of the neck, their condition 
mij he mipiovcd h\ («) m osteotomy Ik low the troth inter with 
ilxiuctnm of the leg of horenr or Me Murray t v jk?, or (b) a rccon- 
btruction opcritnui of the Whitman type*. m winch the head is 
removed, the neck rounded olT mil pliccd in the net ilmhint, and 
the grt it troth inter moved ilonn the **h ift 

1 Ovrio UlTiilUTis oi Tin mi* Huh is i frequent *<tqucl to 
any mode of tre it incut r l lie pttu.nL is nrcly young enough to 
unko m irtlnodcMs worth while Older pitunts must he earned 
dong with gencril me istires, md po-^ibly (hca^M into of aw dkmg 
calliper 

Pertrochanteric Fractures 

These frieturcs unite re ulily under correct tre itmciit, and the 
difficulties with them deqund on their association with in older age 
group th in fr ictures of the neek, hut ire essentially the s une The 
fracture line* is ohlupie, running from the troeli interic fossa to tho 
medial aspect of the s|i ift either above* or below the leaser trochanter 
In some cw5s the fragments are eominmuted, either or both 
trochanters sc pir i ting 7 here is usually* a cova wirt, winch varies 
m degree, uul the gross eversion of the foot is accounted for by tho 
softer cancellous hone on the posterior aspect of tiro neck, which 
allows more impaction there than anteriorly A number of the 
fractures arc firmly imp leted 

Treatment In impacted fractures little requires to be done 
except to prevent increase in tho coxa vara and encourage move- 
ments Tlie fracture is never disunp icted unless the deformity is 
{ aer\ gio&s, and this is most unusual In tho young a pm through 
the lower end of tliL femur may ho used to provide tiaction on the 
femur, which is icsted on a Braun h oi slung Thomas splint A 
weight of one seventh tile body weight is applied which suves to 
correct any tendency' to coxa vara Tins is maintained for foui to 
bix weeks and the patient then allowed fit o movements in bed If 
there is doubt as to the firmness of the union Unna’s paste extension 
(Fig 501) is put on for a similar pcuod Tins can bo relixcd daily 
for exercises At the cud of ten to sixteen weeks a walking calliper 
ik supplied This is worn for six months 

In very' old patients even this degree of fixation is undesnablo, 
and it is safer from the point of view of unwanted complications to 
give the patient a boot as shown in Fig 480, but leave the leg 
* ot ienvise free m bed After a week or two the patient i» gently sat 
out of bed, but the same precautions about weight bearing are u»ecl 
as in other methods 

In unnnpacted fractures with displacement tho treatment is 


Fio 4^8 Fertrochantenc fracture of the femur with a long spicule 
involving the lesser trochanter running down tlio shaft This shows 
well the usual coxa \ara present 


1 It mbit I S Ol 1 ML I I MUU 


**.*• 

of noil muon in thc-e imtmtslo be t ikui into lon-nlcr ition V 
fc w ( ks will ouur in wlmli on itcminf of tin tlc^inlnlit \ of 
i ul\ ictivitv for the pit icnt and the suit ibiht} of the fritture, i 
n ul ( in he well employed 

run in mu with II vn In »u cndtivuur to o\trconic the 
techimal (lithe ultieH of lining i mil ilone, a pi ite along the outer 
mu flee of the femur to which the mil is ult idled 1 ms Ikcii Used 
Kv this method the edition of the neck to the shift is stronglv 
eontrolled howe\er tomimniited the gre it troclnntcr hirh c\er 
eists e m thus lie commenced, with idvuut iges in the old comp irihle 
to those fiom the use of the mil ilone in frietures of the neck of the 
femur '1 he surgie il procedure is i little more extensive, hut in 
selected cases the results ire exedlcnt 
j(l ig 4*10) 

Fractures of the great trochanter In 
the voung, frietures tend to oceur.it the 
cpiphjsc.il line The*} 111,13 l * 5 duo to 
direct violence or to the pull of the 
gluteus methus ind the gluteus minimus 
In adults the fricture is more common!}' 
combined with v ]>crtroch intone fracture 
Characteristic ill} there is loc il p 1111 and 
swelling but the pitient can put the 
affected leg to the ground He is, how- 
ever, unable to rn>e the good leg from 
the lloor The displ ici incut is as a rule 
small and requires no reduction, hut if 
j Marked the leg is tre ited in full abduc- 
tion Union ls rapid ind there is 110 
disability 

Fractures of the lesser trochanter 
these are due to the muscular pull of the 
•ho psoas, and in the }oung take the form 
of an epiph} seal separation Ninety per 
cent of the cases occur in adolescence 
The patient is characteristicall} unable to Ilex the thigh further 
when in a sitting position There is local pain and bruising, and 
pain on harper extension of the thigh The fiagment is displaced 
upwards and the only possibility ot reducing it is to flex, the leg 

is may be maintained by a plaster spica Unless the displace- 
ment is gross this is not worth while, the fragment uniting rapull} 
and producing no disability (Figs 490a and b) 

Separation of the epiphysis for the head of the femur It is 
necessary to include the description of this lesion here because of 



tu 4 'JO rrilm nml mul pluto 
fur MibtroclmnU nt uml ptr 
trochuntiricfiaturti (C» K 
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similar, a greatei -weight being requiicd to reduce the fracture and 
letam it Usually about a seventh of the body weight suffices 
The femoral inn is recommended as it does not pull through the 
knee, which may become strained by a long pull through the tibia! 
tuberosity, and the rotation of the femur can be better controlled 
It also allows gieater freedom of the movements of the knee 
Counter traction is obtained m the usual way by elevating the lower 
end of the bed This is maintained for four to six weeks, and after 
this Unna’s paste extension with a lower weight substituted At 
the end of eight to ten weeks in the young and ten to sixteen weeks 
m the old a walking calliper is fitted and worn for four to six 
months 


The well leg traction splint The principle of this splint 
depends on turning the sound leg into a solid rod by a plaster 



applied from the thigh dow n to the toes 
By incorporating a swivel at the foot to 
winch a lever is fixed, and attaching the 
other end of this to the injured limb bj 
means of a pin in the lower end of the 
tibia, extension can be applied to the 
injured limb The pelvis tilts first so that 
the sound leg is adducted and the injured 
leg is abducted When tins reaches a 
maximum the injured leg is extended 
The fracture is thus adequately reduced 
and immobilised The advantage of the 
apparatus is that the patient can be easily 
moved, and can sit up immediately Its 
disadv ant iges aie the fixation of both 


tic iso The \\ ell leg trac knees and the development of pressure 


tion splint A Fchi* tilted 
on the injured side B 
Pertrochanteric fracture 
C Short plaster lxlow the 
knee including the put in 
serted through the lower 
end of the tibia D Stein 
manni pm £ Hinged 
cross tar F Tightening 
screw O Long thv,h 
plaster to fix knee on the 
unaffected side The ful 
crum of the lever is firxnlj 
attached to the solo of this 
plaster 


points in the plaster It is not used 
extensively 

Whitman s plaster This does not 
prevent coxa vara developing even if the 
leg is well abducted and so has been 
abandoned in favour of traction (For 
other disadvantages see p 456 ) 

Smith pttersen >ail The advan- 
tages ofnaihng in frac ture of the neck of the 
bone would lie of value m fractures of the 
trochanter but there are certain difficulties 


in its use Firstly, the trochanter is likely to be comminuted 
and so is unsuitable to drive a nail tlu-ough In unconmunuted 
eases the nail may produce comminution There n, not the risk 



1* HAITI UHLS OF THE l-LMUR 


171 


its undoubted asMjciitum with truiniv Ci*cs nm> Ikj divided 
' into tho following groups 

1 With i storj of pun in tho hip over a long period, followed 
h> tho development of i limp 

2 Morj of pullover i jKnod followed b> pronounecd Hjmptoms 
after mode rite injury, or slight nijuiy 

3 X»» storj of p iw, the comhJion occurring suddenly ns the result 
of severe tnum i 

Tlie list tvpc of else is the most uncommon, and it can be 
debated whether this lesion is not similar to tho others, t c , 
the end result of a M.ries of clunges in the neck of tho femur of 
development d, endotnn d, or met ibolic origin, rather than entirely 
traumatic In the e v-cs of slower development there is ft frequently 
, associated adqiositj , md under development of the sexual charac- 
teristics It occur** more commonlj m males (live to two) at tho 
adolescent period A small percent igc of the e iscs arc bilateral 
Diagnosis Acute ciscs resemble fracture of the neck of tho 
femur, suspicion hung aroused h> tho patient’s age l ho A 1* 
rndiognph shows the lie id displaced downwards, so that tho upper 
margin of the neck is continuous with tho head of tho femur, and 
the head forms a sickle shaped protubcrunco on tho lower side of 
the neck, winch thus no longer shows tho smooth curve continuous 
with tho curve of the upper margin of tho obturator foramen 
(fehenton’s line ) In sub unto e iscs callus may ho seen on the under 
surface of tho neck Tho changes in the head seen m Pcrtho’s disease 
do not occur In later 3 ears tho hip 111113 develop osteo arthritis 
Thkvtmi nt In acute and in sub lento eases of short standing 
t au attempt to 1 cduu. the displ iccmcnt must bo made According to 
Mau, if the displ iccmcnt has existed fin moie than four weeks it 
will he impossible Traction is made with ft pin m tho femur, and 
both legs abducted on Biaun’s splints, tho bed hung raised for 
counter-traction A weight up to 30 lbs may bo used, which is 
decreased as soon as 1 eduction 1ms uccuircd, to 0110-seventh tho body 
weight Tins traction is maintained fin eight to twelvo weeks 
Owing to the fact that mveision of tho foot produces apparent 
reduction 111 the radiogriph, tho importance of lateral films to 
establish complete reduction must ho emphasised Tho patient is 
then fitted with a walking calliper, which is worn for eight to twelvo 
months We prefer traction to treatment with a plaster spica in 
adduction, which does not abolish muscle spasm Tho treatment 
0 old standing eases is not the province of this book, but icsemblos 
iat of the unumted femoral neck Either a Loienz osteotomy 
or an arthrodesis may be carried out Open operation to restore 
tlie head is unsatisfactory 





4'U li tiMHii|i|H[ili\M<i I Ik « j)ipli\ »H<m tin ni»lit hn« »lip]xxl ami not 

txxn ii %ton*l III. « |>iji!i\ki« om llii lift lui *4 onlv nnnll\ »h|>jn , d I In* 
Mckli KluiiNiliiniJKtiunoftlu hluulmv of tin hi a<I of tin ft imirm i r *>ln itfoli t 
lino < m U mxii mop murked on tin l« ft than tho ri„hl 



hamo coeo ai m picnoiij figuio after bkeletal tiaction \utli tho kgi 
abducted Tho head 1* icdetcd to almost noimal portion and Shenton a 
mo reconstituted *or complete contumation of this a Intend ladiOLiaph 
is required 1 
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Fractures of the Shaft of the Femur 

This, the largest long bone in the body, is subject to fractures 
of the sarue varieties as the other long bones, transverse, oblique 
and comminuted, with the disabilities attendant on each one It 
combmes with these, however, difficulties peculiar to itself, winch 
are due largely to the huge muscle bulk surrounding the bone 

1 The large luematoma distends the fascial envelope of the 
thigh and prev ents erection being effective for the first few days 

2 The muscle bulk prevents control of the fractured ends of the 
bones by lateral splintage for the first few w ceks 

3 When the thigh has wasted from disuse, and only then, is 
plaster an effective method of control of the fracture 



Fig -491 Distension of the inelastic fascial en\ elopo of the by blood 
prevent <« full reduction of a fracturo of the fcmui ( Iftt r Chomley) 


1 


hio 492 Vfter dispersion of the h cniotoma and wasting of the thigh 
muscles, ov er extension is readih produced by the »an>o weight 

The fracturing of such a heavy bone requires great violence, and 
so injuries to the soft tissues are common and may' interfere with 
treatment The displacements of the bone ends from the force, 
the spasm of muscle and leverage of the leg may be very great, 
and tend to produce a large hsmiatoma in the quadriceps with later 
fibrosis and stiffness of the knee To maintain reduction against 
the muscle tone which differs from the tone in muscles elsewhere 
in being of postural origin requires considerable weight, with the 
resultant risk of over-extension and non union Any attempt to 
produce correction of the lateral or antero posterior displacement^ 
of the fragments by pressure pads is offset by the cushioning actions 
of the muscles and fat which are displaced more than the bone ends 




i n \rn oi i in i miuk 


In joung jiitunl*. ! lie m eliflir tiltif •« nio nimnnnl, in fid, fat patients 
1 the \ in i\ 1 m alnm-t inMimiuiinl iblc 

i lie fr icturmg fore t* mav Ik* due < t or indm ft I he displacement 
in ill cim«» ih pnnupdh ‘•lioilfiimg. lmt m fractmt< high in the 
shift the pull ol the lho p-oi** m inon»« ifcctive and Ik Me (he upf* r 
fi Vint lit, while m Incline in tin lower third the tendon of the 
g room m iuh tend* t<» rot itc the lower frigiiidit iK>-*tenorl\ 

l)i vc, semis lhe-e* la'ee pit ent ill the clm-icd ft i time of 

fracture, oft< n in ui ictitc form, uid no diHicultv i* give n except in 
tiie ei^e of m incomplete fiulure of the shift or free tun* of a 
piece ss In the s< i ns following injur\ the it ih jarMsUnt pun in 
the thigh following ha bruising hut then is lit 1 1« swelling \n 
\ m m one pluu mi> overlook the frutun which imv Ik* 
4 oblique or spiril \n \ n\ m both pi me h will gciurillv demon 
strilc the lesion uul H tssentiil m ill e ises 

1 rutuitH of the eh ift of the femur fill into three gn it group-c 
cull presenting pirtittilir dilhcultus ’Hum* in. - 

1 1 rutures of the hh ift of the hone in the middle third 

2 Ir it lures of the upper third of the* hlnft (subtrochanteric 
fr u lures) 

\ 1 rietures of the lower third of the shaft 

Spird or oblique frictuns at these levels seldom t.iuse trouble 
It is the elihpl lccel truihverse fr let ure or comminuted fneture which 
is m» ditheult to control 

It will lie convenient to discuss the guieril methods of treat 
meat vv Inch are u ulablt first, is these nun he ipphcabic to fracture? 
m all three sites and then the special tnatment av ulabte for 
4 fractures of the upper and lower thirds winch pie sent peculiar 
diflu ulties 

Methods of Treatment of Fractures of the Shaft of the Femur 
1 1 i\cd tr iction 
- Continuous traction 

i Manipulative reduction and plaster fi\ ition 
4 Open operation and fixation 
r > Combinations of these methods 

All these methods have a place m treatment We may commence 
b> saving that as an emergency measure treatment hy traction is 
most satisfactory as it requires little disturbance, and does not 
increase the shock Under intravenous an esthesia a who is inserted 
r 111 ^e tibia! tuberosity or the lower end of the feinui Unless tlio 
fracture is m the lower third of the femur a pm above tlio knee is to 
be preferred for the same reasons as govern the choice of that sit© 
m pert ro chan tent frartuies The risk of infecting the liamiatoma 



HUCIUKLS Oh HI I- M.Ml'It 

ligamentous tension if utninul too long H is obvious th it tr iction 
*" cinnot be cxutul on the liguntiits when the sli ift is broken ami 
th it nil trillion ih o|>jK»kc<l In ihciniisths OnH uhtn there is sonic 
boil} or st long fibrous idhcsions dots the triction pull through the 



tiu 4'*0 1 1 act ton on tin IiIini >■> the inrlv ->t >s< s d.H s not pmilnco 

Inution on tlx* litmix nt" "f tin him joint but m iurnti i tin friutun 
V Dim lion of tin* tn»n II tilth d< \« J«ij*il«jnndriii]M l t r<u tun* 
hamotuma I) loilil ojKMt ( \ft< r ( humic) ) 


B 



C 


frlG 4117 Win ii tin* friu tun lias umt« <1 mid tlu iiiu«(1hmiiiIiiI trm turn 
produce* u pull on the* li^muml* of tin* Suit* joint \ Dint turn 
of traction 11 \\ u»tcxl quinine c jw < turn um <1 joint space 



■PtG 49# Traction on tho lej, in a Thomas splint 1 iioconcrt uirangrmcnt 
of forces Note lion the pad behind tho ktue produces a stable 
triangulation of forces as well as maintaining, tlio antciior bowing of 
tho femur 


>- ligaments of the knee {Figs 41)0, 497) If tho fractuio is accom- 
panied by a large hamiatoma and the fascial sheath of the thigh is 
intended traction of any kind is ineffective in the first few days 
s the liaematoma resolves it becomes effective in separating the 
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in fractuies of the lower third is too great for a pin or wire to 
be used 

Preliminary treatment by light traction is to be recommended 
whether it is to be continued or not, as it allows time for the swelling 
to subside, tune for recovery from shock and for accurate diagnosis 
and deliberation In combatmg the shock of the original injury the 
value of novocaine injected into the haematoma is not to be for 
gotten Shock may be severe in old people, and novocame infiltra 
tion is easy and particularly effective in these cases 

If continuous or fixed traction is to be employ ed the use of a 
skeleton splint to support the leg is necessary Either the Thomas 



1 ig 4‘15 tracture of the femur treated by skeletal traction in the femur 
and skin traction on the leg supported on a Thomas splint with 
knee flevion piece 

splint or the Braun s splint may be employ ed The Thomas splint 
is more adaptable, and may be used straight, with the end attached 
to the foot rail of the bed or slung from pulleys from an overhead 
beam of a Balkan frame or a Pearson s bed The slung Thomas is 
to be recommended for general use, as it allows the patient much 
greater freedom of mo\ ement in bed without disturbing the fracture , 
and, as he reco\ers>, a far greater range of exercises The Thomas 
splint may be employed bent at the knee or with a knee flexion 
piece, if flexion at the knee is desirable 

Traction This m itself is insufficient to immobilise any fracture 
of the femur, however strongly it is applied In all compound 
fractures its use alone is to be avoided except as an aid to reduction' 
and stability at the time of operation It has the further disxd 
vantage of tending to over-distract and of damaging the knee by 



i uu'u ui.s or i nr i i.muk '<7 

tun jMHllt siisjiiiishiii nf tin* limit ttt |ilndmt slilidlH, mil .t third 
?r force mutt lie tmploxrd '1 Iuh is |tm\idtd lt\ n l.ir^e ]' 11 1 lit hind thr 
klltt*, ulilt-ll li\ lit \ntjt tint him ip mist priutt uni mu-* It. tm-ntn, 
st dnlisis Oil Mstim pig I'ts) It is, liimcnr, is-mti il if Imd 



tio :»(ll 1 rattlin' of tin hliiift of tho Amur m n Into mult r nkiii 

traction with Itum n ixi*t< il net ion upplu-tl m tlx ihrvrtiou of tho 

fimontl hhnft anti of tho l<„ Stockinette o\t r tin* foot with a wujJiL 
attached u u>o*l to prcvtnl foot drop 

traction is to l>c effective that the ft ictme he icdutcd first If tho 
thigh is distended with blood this is impossible m the lust few <1 ivs 
and treatment with continuous traction is indicated If lediution 



tie G02 Same cas>© ax in llio proviou* figure but with tho Braun’s splint 
removed for excrci*>os over tho knto oxcrci»o bar 

possible the reduced femur is put up by fixed ti action and then 
Mould maintain itself, with but slight adjustments (Compare 
application of fixed traction m transport plasteis, p 133 } 

Continuous Traction Tho elaboration of continuous traction is 
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bone ends and, as the muscles of the thigh waste, more effective 
through lack of opposition (Fig 492) It is obvious that gradual 
1 eduction of such i fracture by continuous traction is the only 
satisfactory method of treating such cases If fixed traction is used 
it is ineffective to begin with and when the liumatoma has sufli 



Jxa 49*1 arotliod of j claming a fracturo of the femur m position u^ing a 
skeletal pm and fixed traction A plotter bo u->ed at the samo 
tunc to control a fracture of tho leg (After Charnlcy ) 

ciently diminished soft tissue adhesions may make restoration of 
full length difficult 

Fixed traction The method of fixed traction as dev iscd by 
H 0 Thomas lias been undesirably abused by the partisans of 
skeletal traction Tho principle of the method has been nusunder 
stood, and it has been considered as a method of reduction rather than 
a method of retention It is a method of fixation, in which the force 



tic 500 Traction on the leg in a llioun s fiamo or Thomas splint with 
knee flexion piece Force •> incorrectly balanced Pad placed under 
fracture and not below Traction in tho line of tho femur must bo 
balanced by traction on tho leg >n the lino of tho tibia as in Fig 500 
when the llraun s splint is used— or as in Fig 49S when a Thomas 
splint 13 used 

of muscular contraction tending to shorten the leg at the site of 
fracture is opposed by the fixation of the leg (b\ skin traction in the 
original method, but often by skeletal traction nowadays) to the 
lower end of the splint and of the counter pressure exerted by the 
rin» of the Thomas spbnt on the ischial tuberosity In a closed 
system. like this only tho tone m the muscles can be responsible for 
maintaining tension, and the resultant pressure on the ring of the 
Thomas splint cannot be excessive It may be diminished by 
elevating the foot of the bed It is, how ev er, insufficient to rel\ on 


llUClbRKS OF '1 IIL 1* FMUR 




'I he ioiccs engaged in the ostein arc governed b\ the weights 
applied and excite a coiitsjMmdmg tension in t he muscles and soft 
tissues aiound the fracture site To commence with thev inn be 
excited in compressing the h cm itoma in the muscle s if this is I irgc 
\s it subsides the pull is opjKiscd b\ the muse Its, nid fmallv is these 
w isle, uid the mi ft tissues around the hones become more orgimscd, 
the pull is trinsmitted through the ligaments and bone of the limb 
It follows tint with all these variable f ictors the weight employed 
has to be < ire fully c Undated and continualh adjusted If no 
h uutlom i is present due jicrh ips to the wound being an ojk.ii one, 
a weight of 10 lbs inn l»e siithcient from the beginning On the 


( 

>ig ,04 tnuturo of Dm »lmft of tlm fumir iimkr xkiktul tiaction m 
tlio tubiroMtj of tho tibia tomlmuil with bkin traction on the lej, 

other hand, m a poweiful thigh a weight of 20 to 50 lbs may bo 
necessary to prevent shortening, and this must be i educed over tho 
rst three weeks to 10 to 12 lbs if over disti action is not to occur 
■Satisfactory lesults may be ichicved by either method in 
experienced hands While fixed traction eonesponds to tho ideal 
o complete immobilisation and is thcrefoio moio satisfactoiy for 
compound fractures with continuous traction carhei eoncenti itionon 
e quadriceps tone and exercise of the knee joint aie possible Tlio 
success of tieatment of a fractuied femur is pinnarily to bo giuged 
J ie unction of the knee, and secondarily by the position obtained 
lere is no evidence to show that early movement of the knee joint 
c ays union of the femur, though the movement at tho fracture site 
n energetic patient is sometimes alarming It is certain, how o\ ex 
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due to the development of skeletal ti act ion, as the forces employ ed 
are more than skin traction can support For satisfactory con- 
tinuous traction a resultant force in the line of the femur must be 
generated, and this necessitates flexing the knee This may be 
accomplished on the Braun’s frame, on the Thomas splint bent at 
the knee, or proxided with a knee flexion piece, or by the Hamilton 
Russell method 

It is an unstable system until a third force has been introduced 
In the case of the Braun s splint this is piovided by skin traction on 
the leg, which flexes the thigh o\er a pad abo\e the knee {Fig 506) 
A similar pad may be used on the bent Thomas splint In the 
Hamilton Russell method the pad behind the knee and the pull on 
the leg make the system fairly stable if the leg is not excessnely 



Fig 303 Oblique fiactureof the femur showing its position on a Braun a 1 
splint under skeletal traction 

flexed (Fig 511) The disadvantage of the Braun’s frame is the lack 
of fixation of the upper end of the thigh, which is also to be noted in 
the Hamilton Russell method The patient is thus afraid to move 
for fear of hurting lnniself in the early stages, with increased nursing 
difficulties, or in the later stages when the fracture is painless is 
continually altering his alignment The Thomas splint thus has 
ad\ antages, if contmuous traction is used, o\er other splints If 
slung from the bed and properly balanced it enables the patient to 
mo\e feely with little disturbance of the fracture In contmuous 
traction the splint is used as a cradle only and ring pressure should 
not occur It is necessary howeier to make sure that it remains 
m contact with the tuberosity of the ischium by havmg the pull ot 
the cord supporting the upper end of the splint running obliquely 
towards the upper end of the hed 
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I Ik inn m f tifz i^Tf <1 m I )i« an goxcrmd l>\ tlx* vmghts 

‘ v f ft|ijili( <1 , him! f x< if< i < oik ~]*oj)ding 1e iimoji in tin miisi It h and soft 
tissiif a mound flu* IihIiik mI< In iiunnumi with t lit* v mix !>c 
( veiled in i oni ] ij < uHiig 1 )k* h i in itoin i in tlx tini**r In if this is 1 irgt* 
\H It hill *•)<]< H till Jillll IK OjijKi-r i| h\ till tlllOxlcs 1 11)1 til) lll\ IS tills! 

vutste, iii>! the' Miff lif fc im umind fix Ihhih Ihiiiiik more orgimstd, 
tlx |mll is ft iiihiiiitti d lliioiii.li tlx h^umiiN md Imiu of tlx* limb 
It follow « tint with all I In*/ x iriiMe f i< foM tlx might employed 
Ins to lx < ik fullx < lie uliled md « out mu i]]\ idjiMid If no 
li i in iloiu i jh piim nf din jx tli i|ih to tlx* wound l« mg in ojun out, 
ft weight of lo IIm tn >x !h* Mitlxunt from tlu lie ginning On tin* 


1 



1 *"1 I1<UI111<< of tlu hull «if tin f< uitir tuuli r kU< 1< tn| true tiun m 

Oki tut« lit itj <»f Um ciltm loiolmiiil uitli «kiii tin< lion on tho It}, 


0 >u Imiu] in 4 jioxxtiliil tint'll 11 weight of JO to U) lbs mil} bo 
j ,( -Us« ij y t<> jncxuit nheii tilling and tins must bo icehiccel over the 
‘^t 'three nub to 10 to 1 1 llis if ox 1 1 distnie turn ih not to occur 
k'ltisfncloi} it suits may be aeluexcd by eithu method in 
|'M>uiciucd Imnds While fixed tiaetion (oncsponds to the ideal 
^ u,, nj)lcti* immobilisation and j.s thuofmo moio satwfactoiy for 
tl^poumlfnutiiKK with eoiitinuoiiH ti action euilici concen tuition on 
^ >0 ‘piiuhitcjw tone and 1 \cu iso of the knee joint aio possible Tho 
l,ca *' ,mn1 ' ‘d a Inn lined funui is piimauly to bo gauged 
^hca U,ltlum l * lt * U,C( ‘ »«<1 sec ondaiily by tho position obtained 
deli W 110 cvl< ^ UJLO «hon that tail,} movement of tho knee joint 
,4 44” U,Uon w ** ftmui though tho movement at tho fiactuio site 
,lLl gUi< patient ih some turns alaimmg Itiseutam, houoxei, 
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that the adhesions which form a serious block to mov ement form m 
the first six weeks, and it is during this period that active use of the 
quadriceps should be encouraged If a small free range of knee joint 
movement has been preserved for this period, subsequent immobilisa- 
tion vv ill be much less serious in its conseqenccs Activ e concentration 
of the quadriceps and movement of the knee should therefore be 



Fig Wo Backward displacement of tho lower end of tho femur from 
incorrect positioning of tho Braun s splint 



iio r >0G The displacement shown in tho previous figino corrected by 
moving the angle of tho Biaun s splint much nearer the fracture Bite 
traction on the leg and a pad behind the knee 

encouraged m all methods from the earliest possible moment In 
the early stages faradisra mav help In the later stages knee bending 
exercises over a bar may be employed m patients in whom there is 
some doubt as to the strength of union 

Deformity Five deformities may occur, rotation, lateral dis- 
placement, posterior bow mg, angulation or shortening Sufficient 
lias already been said with regard to tho control of shortening, which 
must be checked regularly with radiographs Measurement is 
unsatisfactorj with the I.me fleacd 
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Kotmjon I hue ik a (elide m \ for the upper fngment to Ik, 
f extern dlv lot ited Him i in 1 m < linked be radiographs of the neck 
of the femur and (oni)* m^oii of ]M>Hitjon of the intertrochanteric 
line on the two ndiK (i ig* 4»»*< ’1 he position of the foot can 

thm Ik. in mgid to uijrojmnd to thi degree of extern d rotation 
ohniud linn ik f-ddoin i tiouhli ‘•oiik fi iture except in fr.irturcs 
of the u p | h r llmd of the fimwr 

Lvri u u nisii m i \ji nt 1 Iiih i in hi discounted up to three 
qinrtiih of tlit width of the bom if the rtdiogriph in the opposite 
pi me shows sound ihgmuint ind the ixntrd axis of the shift 
um ini pirdhl \tt< nipts m iv be nude to loutrol it 1 >v t)ie list of 
liter d pn ssuix lt\ sluigH itt ichid to one of t he. ’I bonus splint, or 
hi chmps uhnh illicit to thi side hirs of the splint If the 
, ikfonmU is gioss md ]Mrsistmt it is prohibit tint musili tihris 
hue hie omi mUrpo-xd md non union itm result 

1’ostj moil novviv. It is most imjiort int to correct tins and 
nnud nit it eorrciUd 'Ihe fumir h is norm illy quite i nnrkid 
ulterior cur\ tluie which must not he lost if kmc movements arc 


to he Mtisf utorv It is m unt tilled h\ the use of a large p id behind 
the knee md trie lion 011 the* leg m the* hue of the tibia (I igs P)8, *>0D) 
\ngli vrios 'Jins is ditlnult to eontrol in some eases, hut is a 
difficulty pirtieuhrh met with m fraetuies of the upper and lower 
third if tremble some* md when it e innot he controlled 1>\ siuigs 
and pads it is niussirv to apph a plistcr hip spica If a sutisfac* 
tor\ position is not ohtiimd at hrst this is wedged under careful 
radiologic d control 


Manipulative reduction and plaster fixation The immediate use 
,of a plaster spit 1 mav he vahnhle in eompound fractures of the 
i f eniu r, where idequuti fixation of both hone and soft tissues is 


necessary It cm onlv ho applied when the patient cm ho kept 
under continuous observation and needs to 10 done as soon as tile 


swelling of the limb subsides For this reason a preliminary period 
on fixed traction, or continuous traction, is usually advisable The 
modified transport plaster descnbctl on p 1 10 deals adequately with 
tins stage In children who are too old to ho slung up by Bryant’s 
method, and in whom stiffness is unlikely to occur, the early applica 
tiona of a plaster spiea in which they can get about on ciutches is 
v aluable 


Open operation and fixation This method has the advantages 
o any operative method of tieatment, perfect reduction, and early 
^ m | ctl0n * n the femui thcio is a disadvantage winch cannot be 
tn ire y overcome, namely, the weight of metal which must bo 
mser ed, and the subsequent adhesions of the quaduceps when this 
jonc through a wide appioach Perfict leduction is not so 
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tio *307 Comminuted fracture of tlio shaft of thq femur with displacement 





Fio "*0 h Anteroposterior view of the previous case under treatment 
showing satisfactory position under traction 



1 

* 

I 


j , iq 509 Lateral view of the same case showing tho satisfactory 
position in both planes 



Mill'll lll.S ()l 1111 1 l-'ll K ls ' ; 

wllHiltinl ill tlic* fimur if Hu ili«nnu nl .if tin I, ml. .« hi .ii.tamul 
lor tins itiM.ii o|Hr.ilit< In atm. lit ilimilil In’ liniitifl to tin < wm 
in n Inch fulim to olit.im i u imiiiiIiIi pontimi rmn the mh|iuioii 
of nittrixiMtinn of nninli uni non union I lit* i|i|ironli inid h 
that of 1 lv Hum ( \h|k mlit l\ ) nml tin j.l iting c irriul out in 



Ha r »0Uu \n oblique foil tun* of the shaft of tin. fimur tin t\po Mutable 
for fixation with tlio Kuntwhcr nail (Mr David lrttom case ) 
tio 50'Jb Tbo lvunlschcr nail in position showing accurate reduction of 
the fracture (Mr David Tn tor a cum? ) 

Fig 009c Healing of the fracture with tbo Kuntschcr null still in position 
bhowmg well-organised deposit* of sub periosteal new bone (Mr 
Dav id Tree or a case 1 


the usual manner A bone graft may be used if desued, 01 if secon- 
dary reasons make it likely to be of value Modifications in which 
the bone ends aie icduccd, and only lightly fixed to avoid lateral 
displacement and shortening, and an external splint lelicd on to 
prevent deformity may be used 

K.ui< tscher’s iktramedullaux vail f ihe use of a larger 
diameter intramedullary nail is a logical extension of the intra- 
medullary Kirschner wire, and was first employed by Kuntschei in 
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1 94 1 Its introduction to German surgeons w as at first unfavourable, 
and there aie still sharp divisions on its uses and value The nail, 
modified by various suigeons, consists of a metallic rod of varying 
length, triangular oi diamond shajied, oi even circular on section 
Some nails are slightly curved at eithci end to facilitate their intro 
duction The nail is introduced through the sites of easy approach 
to the marrow, such as the radial styloid, the greater tuberosity 
of the humerus, the gieat trochanter, and the tibial tuberosity 
There are two methods of using the nail, either reduction can be 
accomplished manually, and with or without the assistance of radio 
graphy the nail can be slid across the fracture site, or open reduction 
of the fracture can be carried out, and the nail slid across the fracture 
under direct vision , this entailing a separate incision for its intro 
duction For its effective use a good selection of nails is necessary 
varying in both length and diameter, as it is essential that the nail 
should grip the medullary cav lty w ithout jamming A nail one nulh 
metre smaller than the diameter of the medullaiy cavity is chosen 
Skeletal traction may be used to leduce the fiactuie, and some 
surgeons prefer to use screening In the tibia and the femur a guide 
may be used to facilitate the introduction of the nail Accurate 
reduction of the fractuie, is the primary basis of easy and successful 
nailing External support of some type is employed in most cases 
There is a slight risk of fat embolism in elderly people Technical 
difficulties may arise from fracture of the nail, bending of the nail, 
penetration of the cortex, and distraction of the fragments The 
strength of union is difficult to gauge with the nail in position 

Experience with the nail suggests that it is a useful addition to the 
surgical armoury for certain fractuies, notably the transverse 
fractures of the shaft of the femur, with deformity The difficult 
fracture below the lesser trochanter with cocking up of the short 
proximal fragment is easily controlled The nearer the fractuie to 
the knee, the less suitable the method Fractures of the tibia may 
also be readily dealt with but these are satisfactorily controlled by 
the methods already available For the upper extremity the method 
is a little clumsy Closed introduction is best, but where closed 
reduction can be achieved further treatment is often unnecessary 
In open reductions the advantage of a smaller wound over the 
fracture is offset to a slight extent by the additional incision for 
introduction of the nail Full assessment of the nail is dependent on 
its more general use 

Combinations of methods The method employed must be 
adapted to suit the case A combination of methods is frequently 
useful Thus to commence with a period of continuous skeletal 
traction ma\ be used At the end of three w eeks this may be changed 


iitxmiii' oi rm, ip M uu H-. 

to /mil trillion or iiioil piobibh the continuous fraction under 
i reduced weights Mill continue uni active quadriceps and knee 
extremes practiced !f union is progressing sati'dictonlv , but there 
l*, some uigul it mil whuli it is dcsinble to correct, n hip spic.i nnj l>c 
applied it this tune mil the pitunt got up on crutches \t the end 
of twelve weeks this is removed mil in the average case chnicil 
union will hive taken plux '1 he question of weight l>cinng 
then irises \n itteinpt to gauge the strength of union 
should Ik. nude If considered lirin i weeks non weight bearing 
curtises nnv l»e given ill l>ed ind the condition of the limb 
observed If Kitisficlory , weight Ik iring on crutches miy lie 
allowed If u»s ltisfietory union is pre-cut the provision of a 
callijier nnv Ik* eoiisidtml 'l his cmhlcs e irlitr weight Ik inng to 
be permitted it the sum time tint knee exercises ire continued In 
"* other cases where union is sound and m good jKisitiou at the end of 
the tenth week, i plistcr walking i ilhjKr nnv Ik mule '1 his Ins 
the disadv uitige of preventing knee exercises, hut if i re isoinble 
degree of knee mobditv h is been ret lined this is not i serious matter 
It enables the pitient to get ibout e irher md at the end of the 
fourteenth week tlie femur is soundly enough united to jicrmit 
unsupported weight Ik inng 

Fractures of the upper third of the femoral shaft (Subtrcxh intcric 
fractures) llie-o frietures ire jxculnrlv diftieult btciuse of the 
flexion and extern il rot it ion which m 13 occur 111 the upjier frag- 
ment Alignment is not achieved bv nursing the pitient with 
increased flexion of the* thigh 111 most t ises The upjier end may lie 
controlled by aKirsthne rvvire pissed in an intcro posterior direction 
through the great troeh inter The limb may then be digued under 
1 radiographic control md the whole limb including the ware incor- 
porated m a hip spiea Tile iltenntixe method is open operation 
which m this region well awav from the knee is not such a serious 
matter 

Fractures of the lower third of the femoral shall (Supracondylar 
lractures) Tins fracture is commonlv trails v erse and show s posterior 
^placement of the lower fngment This displacement is not due 
to the pull of the gastrocnemu, as usudly described, but to the pull 
of the quadriceps, which tends to push the femoral condyles back- 
wards out of the way It is consequently difficult to reduce and 
nuuntam reduction Reduction can nearly always ho accomplished 
p turning the patient over on Ins fice and suspending the foot 
rom the ceiling The knee is thus flexed at right angles Slight 
faction is applied to the tibial tuberosity Digital control of the 
ragments can then usually be obtained and the lnnb incorporated 
in paster, with the knee flexed Nursing is easy if the limb is 
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1941 Its introduction to G erman surgeons w is it first unfavourable, 
ind there are still sharp divisions on its uses and value The nail, 
modified by \anous surgeons, consists of i metallic rod of varying 
length, triangular or diamond shaped, 01 even circular on section 
Some nails are slightly curved at either end to facilitate their intro 
duction The nail is introduced through the sites of easy approach 
to the marrow, such as the radial styloid, the greater tuberosity 
of the humerus, the great trochanter, and the tibial tuberosity 

There are two methods of using the nail, either reduction can be 
accomplished manually, and with or without the assistance of radio 
graphy the nail can be slid across the fracture site, or open reduction 
of the fracture can be carried out, and the nail slid across the fracture 
under direct vision , this entailing a separate incision for its intro 
duction For its effective use a good selection of nails is necessary 
varying in both length and diameter, as it is essential that the nail 
should grip the medullary cav lty w ithoufc jamming A nail one milli- 
metre smaller than the diameter of the medullary cavity is chosen 
Skeletal traction may be used to leducc the fractuie, and some 
surgeons prefer to use screening In the tibia and the femur a guide 
may be used to facilitate the introduction of the nail Accurate 
reduction of the fracture, is the primary basis of easy and successful 
nailing External support of some type is employed in most cases 
There is a slight nsk of fat embolism in elderly people Technical 
difficulties may arise from fracture of the nail, bending of the nail, 
penetration of the cortex, and distraction of the fragments The 
strength of union is difficult to gauge with the nail m position 

Expenence with the nail suggests that it is a useful addition to the 
surgical armoury for certain fractures notably the transverse 
fractures of the shaft of the femur, with deformity The difficult 
fracture below the lesser trochanter, with cocking up of the short 
proximal fragment, is easily controlled The nearer the fracture to 
the knee, the less suitable the method Fractures of the tibia may 
also be readily dealt with, but these are satisfactorily controlled by 
the methods already av ailable For the upper extremity the method 
is a little clumsy Closed introduction is best, but where closed 
reduction can be achieved further treatment is often unnecessary 
In open reductions the advantage of a smaller wound over the 
fracture is offset to a slight extent by the additional incision for 
introduction of the nail Full assessment of the nail is dependent on 
its more general use 

Combinations of methods The method employed must be 
adapted to suit the case A combination of methods is frequently 
useful Thus to commence with a period of continuous skeletal 
traction may be used At the end of three w eeks tins may be changed 
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to fixed ti ictiun, «i moie probably tho continuous traction under 
^ reduced weights will continue and active quadriceps and kneo 
exercises practised If union is progicssing satisfactorily, but there 
is some angul it ion which it is desirable to coircct, a lup spica may bo 
applied at this time and the patient got up on crutches At the end 
of twelve weeks this is icmovcd and in the average case clinical 
union will have tiken place The question of weight bearing 
then irises An attempt to gauge tho strength of union 
should be made If considered firm a week’s non-weight bearing 
exercises may be given in bed and tho condition of tho limb 
observed If satisfactory, weight bearing on crutches may bo 
allowed If unsatisfactory union is present the provision of a 
calliper maj bo considered This einblcs earlier weight bearing to 
be permitted at the same time that knee exercises arc continued In 
Mother cases where union is sound and in good position at tho end of 
the tenth week, a plaster walking calliper may be made This has 
the disadvantage of preventing knee exercises, but if a reasonable 
degree of knee mobility has been retained this is not a serious matter 
It enables tho patient to get about earlier and at the end of the 
fourteenth week the femur is soundlj enough united to permit 
unsupported weight bearing 

Fractures of the upper third of the femoral shaft (Subtrobhantenc 
fractures) These fractures are peculiarly difficult because of the 
flexion and external rotation which may occur m the upper frag- 
ment Alignment is not achieved by nursing the patient with 
increased flexion of the thigh in most cases The upper end may bo 
controlled by a Kirsclmer wire passed in an antero posterior direction 
through the great trochanter The limb may then be aligned under 
1 radiographic control, and the whole limb including the wire incor- 
porated m a hip spica Th© alternative method is open operation, 
which in this region well awaj from the knee is not such a serious 
matter 

Fractures of the lower third of the femoral shalt (Supracondylar 
fractures) This fracture is commonly transverse and show s posterior 
displacement of the lower fragment This displacement is not duo 
to the pull of the gastrocnemu, as usually described, but to tho pull 
of the quadriceps, which tends to push the femoral condyles back- 
wards out of the way It is consequently difficult to reduce and 
maintain reduction Reduction can nearly always be accomplished 
y turning the patient over on his face and suspending tho foot 
rom the ceiling The knee is thus flexed at right angles Slight 
faction is applied to the tibial tuberosity Digital control of tho 
raginents can then usually be obtained and the limb incorporated 
ln I la& ter, with the knee flexed Nursing is easy if the limb is 
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1941 Its introduction to German surgeons w as at first unfav our lble, 
*uid there aie still sharp divisions on its uses and value The nail, 
modified by various suigeons, consists of a metallic rod of varying 
length, triangular 01 diamond shaped, or even circular on section 
Some nails are slightly curved at cithei end to facilitate their intro- 
duction The nail is introduced through the sites of easy approach 
to the marrow, such as the radial styloid, the greater tuberosity 
of the humerus, the. gi eat trochanter, and the tibial tuberosity 

There are two methods of using the nail, either reduction can be 
accomplished manually, and with or without the assistance of radio 
graphy the nail can be slid across the fracture site, or open reduction 
of the fracture can be carried out, and the nail slid across the fracture 
under direct vision , this entailing x separate incision for its intro- 
duction For its effective use a good selection of nails is necessary 
varying m both length and diameter, is it is essential that the nail 
should grip the medullary cav ity without jamming A nail one lnilli 
metre smaller than the diameter of the medullary cavity is chosen 
Skeletal traction mav be used to jedure the fnctuie, and some 
surgeons prefer to use scieemng In the tibia and the femur a guide 
may be used to facilitate the introduction of the nail Accuntc 
reduction of the fiactuic, is the prmmy r basis of easy and successful 
nailing External support of some type is employed in most cases 
There is a slight risk of fat embolism m eldeily people Technical 
difficulties may arise from fracture of the nail, bending of the nail, 
penetration of the cortex and distraction of the Augments The 
strength of union is difficult to gauge with the nail in position 

Experience with the nail suggests that it is a useful addition to the 
surgical armoury for certain fractmes notably the transverse , 
fractures of the shaft of the femur with deformity The difficult 
fracture below the lesser tiochanter with cocking up of the short 
proximal fragment, is easilv contiolled The nearer the fiactme to 
the knee, the less suitable the method I’rictmcs of the tibia may 
also be readily dealt with, but these are satisfactorily controlled by 
the methods already av ailable For the nppei extremity the method 
is a little clumsy Closed introduction is best but where closed 
reduction can be achieved further tieitment is often unnecessarv 
In open reductions the advantage of a snnller wound over the 
fracture is offset to a slight extint bv the additional incision foi 
introduction of the nail Full asst ssment of the nail \s dependent on 
its more general use 

CovibixATIOS of Ml THODS The method employed must be 
adapted to suit the case A combination of methods is fiequentlv - 
useful Thus to commence with a period of continuous skeletal 
traction mav be used the end of three w eeks this mav be changed 
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Ho ill) Treatment of fiacturo of the femur in a child 
l)r> ant » method 



from damage to the deep femoral \ essels Wound excision is 
practised according to the usual prmciples, and care is taken to see 
that there is an adequate opening in the fascia bj transv erse incision 
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allowed to hang o\er the side of the bed A disadvantage of this 
method is the fact that should the quadriceps become adherent to r 
the fracture, it becomes adherent in extension of the knee and it 1 
cannot be freed by manipulative methods This is a more theoretical 
than practical objection if the prepatellar pouch has not been grossly 
damaged In order to avoid a possibility of trouble the knee should 
be gradually straightened on a Thomas sphnt as soon as sufficient 
new bone has occurred around the fracture, somewhere between the 
fourth and sixth weeks Active quadriceps exercises are encouraged 
from the beginning 

Open operation on such cases is teclmically difficult owing to the 
difficulties of a posterior approach, but may be carried out m 
exceptional circumstances 

Fractures of the Femur in Children 1 Bryant's method \ 
Tins is the method of choice for very young children Strapping or v 

Unna’s paste extension is applied from thighs to ankles of both legs, 
which because of the greaterskmarea available and the hghterwcight 
of the body is quite efficient Roth legs are then held v ertic illy bj 
weights attached to cords passing oxer pulleys on a Balkan 
beam, and ire *o balanced that the buttocks arc just off the 
bed The child soon adapts himself to this position and the 
femur automatically pulls out into a good position Union is rapid 
m children and at the end of three to four weeks the child can 
be allowed to he m bed and weight bearing allowed at the end 
of six weeks 

2 Hamilton Russell method This makes use of the resultant of 
a force acting under the knee in a vertical direction, and one actuig 
along the line of the horizontal leg If the knee is slightly flexed this 
resultant corresponds to the line of the femur Considerable exten-Y 
sion may thus be exerted, but there is little control of sagguig, or' 
lateral movement It may be a useful temporary measure, the 
details of which are apparent from the diagram 

Hamilton Russell’s method may' be used successfully in adults 
By making the direction of pull on the- sling behind the knee 
a little more oblique towards the head the posterior bowing 
of the leg may be corrected The system does not provide 
firm fixation for the femur, but allows early exercises to be 
carried out 


Compound Fractures of the Femur 
These present certain special difficulties, due m part to the / 
difficulties of immobilisation of the femur, and in part to the depths 
of tissue surrounding the bone, and the strong fascial intermuscular 
planes Shock m the early stage* may be pronounced, as may blood 
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fractuics of the lower end of the femur Infection ot the blood clot 
i is liable to occur 

G The w-o of a traction stirrup m which the pin cannot rotate 
The movement of the pm cncoungcs infection 

7 The use of too small traction weights The weight should 
commence with one seventh of the bod} weight and be increased in 
the next few hours to 2 » to 10 lbs 

S The use of too great i traction weight .As soon as reduction 
has occurred the weight is again reduced to one seventh the body 
weight 

‘l Failure to ruse the lower end of the bed to get adequate 
counter extension 

10 Failure to use a foot rest against the lower end of the bed, 
the patient thus being unable to use Ins sound leg to raise himself 
or maintain Ins position on the splint (Fig 501) 

11 Failure to have a bar over the patient’s head which he can 
grip to laise himself 

12 Failure to apply traction to the foot which results in foot 
drop (*ee Figs 501 550) 

13 Xeglect of exercises General exercises are carried out as 
soon as possible, and at the end of the third or fourth w eek exercises 
of the injured limb aro commenced 

14 The use of traction below the knee for too long a period, 
i c , over four weeks, which stretches the capsule of the knee 

13 Failure to fix the Braun’s splint to the bed so that it slides 
dou n to the end of the bed 

Fractures of the Lower End of the Femur 
* 1 Separation of the lower epiphysis 

- T shaped fractures into the joint 

3 Separation of the lateral or medial condyle alone 

4 Separation of part of a condyle 

Separation of the lower femoral epiphysis The lesion may occur 
between the ages of eight and eighteen, and is due to a hyper- 
extension strain on the joint The epiphysis is displaced forwards, 
with resultant pressure of the lower end of the femur into the 
popliteal space and possible damage to vessels Partial obstruction 
of the popliteal artery is inevitable, and may lead to gangrene of the 
leg if the fracture is not reduced in reasonable time The fracture 
me is intra articular anteriorly and the knee becomes distended with 
^blood ft is rarely compound 

Diagnosis The end of the femoral shaft may be palpated m 

10 popliteal space The ridge of the displaced epiphysis may bo 
pa pated above the patella, and the anterior displacement of the 
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Drainage is made dependent if possible, as pus tends to track uj 
towards the hip joint e\en if there is an adequate opening anteriorly 
Postero lateral incision m front of the lateral intermuscular septum 
is safe and satisfactory for drainage 

Immobilisation is by a complete leg plaster attached to i 
Thomas splint by two cuffs of plaster (Fig 512), or a “ Tobruk ’ 
plaster (p 139) The Thomas splint may then be slung up 
m the usual manner, giving the patient much more freedom ol 
movement in the bed For w ounds of the upper third of the ting! 
a plaster hip spica extending to the knee may be useful and the 
immobilisation of the leg carried out by putting a Thomas splint ovei 
the thigh plaster and attaching it by plaster cuffs The leg is thei 
rested in slings in the usual manner and the foot supported by a foot 
piece at right angles to the leg 



tie 512 Complete leg plaster fullj t.pht and attached to Thomas splint 
bj a double plaster cuff Shin traction below plaster and separated 
fiom the plaster h> a lajer of cotton wool One \anety of transport 
plaster 

Where continuous supervision of a case is not possible the point! 
discussed under transport plasters must be borne in mind (p 138) 

Summary It Mill be seen that the choice of treatment for i 
fracture of the femur is wide, and depends not only on the point 1 
discussed, but to a lesser extent on the type of fracture Transverse 
fractures, which can be easily opposed end to end, are more con 
veniently treated by fixed extension, while oblique and comminutec 
fractures may respond better to continuous traction In any forir 
of treatment care and attention to detail is important, and comnior 
errors in treatment of fractures by continuous traction on a Braun ’i 
splint, as summed up by Bohler may conveniently close the subject 

1 Failure to use local anaesthesia m period of shock 

2 Failure to use antero posterior and lateral radiographs 

3 The use of a bed without fracture boards 

4 The use of a badly bandaged Braun’s splint 

5 The use of skeletal traction wires or pins above the knee n 
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puhtivc methods The digiee of d image to the commits however 
nnj not mike it worth while Utuiiplmg a moie perfect reduction 
Should the condjlc fractured be intact and scpiratcd by a single 
fissure, operatise 1 eduction and screwing of the fragment hack, into 
position is desirable To do this opening of the knee joint may bo 
unavouliblc, but this is not to be fe ired provided the operativo 
conditions arc good 

Fiuctuus oi i»iut of \ eoM)\n These fractures arc un- 
common, but the posterior half of a corn!) lc in ij be fractured into 
the inter condyloid notch and he free m the joint Other smaller 
fragments in i} be broken off and he loose The} should be removed 
bj open operation and the knee treated in a similar manner to that 
follow mg mcniscctoni} , that is to sa}, earl} movements should bo 
encouraged to avoid stiffness it the knee joint 

Small frictures of the condjlar surface make up a proportion of 
the cases of intern il derangement of the knee, and it is probable 
that the incomplete sepantion of a Hake of bone and cartilage is 
responsible for the condition of ostco chondritis dissicans of the knee 


General 
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of tho Femoral Diaphysi? in Children undei Twelve Yeais of Age,” 
burg Gyna and Obstets 1921 32, 527 
kaunllv J Fractures of tin Feinoinl Shift 'Mechanic', of Reduction and 
taxation, Lancet 1944 t 235 
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Bov dh n a * ,d 0bstits 1947 84 85-89 
tj.-V U and C eokgl I L Complications of Fractures of the Neck of 
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whole of the leg in relation to the femoral shaft may be obvious 
The adductor tubercle is not altered m Ievef as in supracondylar 
fractures, as it is attached to the diaphysis 
Swelling usually makes this point difficult 
Ci C S determine 

rb)C, Tre itjient Reduction is made as 

Sf'® 5 ^ soon as possible by traction, combined 

U U with antero-postenor pressure on the frag- 

u\ U nient Follow mg reduction the knee is 

1 \v fully flexed to settle the epiphysis mto 

Mr position Retention may be difficult, but 
jiM }j is best obtained by flexing the knee to 

(I 90° and fixing it in a plaster spica This 

-* wl { ♦_ is applied with the patient on Ins face and 

l/w the foot held with the sole uppermost 

’ It is maintained for four weeks and then 

, ... ^ t B r the hmb gradually straightened Weight 

medial comi>ie of tho bearing is allowed at the end of eight 

femur Upward displace ^ e cks There is no mterferenco with 

ment associated with , , r , , . ,, 

adduction of the leg growth if the separation is correctly re 

Fio 51 3 b The correction of duced 

the displacement shown in _ , . , . „„ 

the prewous figuro by Fractures of a single condyle These 
abduction of the log at the are due to forced abduction and adduction 
movements of the knee, rarely to direct 
\ lolenco Fracture of the medial condyle is brought about by adduc 
tion Less commonly this produces a ligament traction fracture at 
the insertion of the external collateral ligament of the knee mto the 
condyle A similar lesion can occur with the internal collateral 
ligament in forced abduction For ligament traction fractures a 
resting plaster from thigh to ankle, in which the patient can walk 
(Fig 127), is required for three to four weeks 

In the more extensi\ e injury the whole condyle is separated, the 
fracture line running through the intercondyloid notch The condyle 
may be pushed up to some extent, less commonly rotated, or, if the 
foot is displaced, it may be pulled down The knee is distended 
with blood which should be aspirated before reduction is attempted 
Reduction The collateral ligaments remain attached to the 
condyles, and so forced abduction or adduction of the leg may be 
made to pull the condyle down into position Compression is rarely 
required For correct observation of these fractures the Braun’s 
splint is unsuitable as the flexed knee destroys to some extent the 
value of the antero posterior X ray control, and also masks abduction 
or adduction of the leg A Thomas splint will be found more 
satisfxctorx Perfect reduction is rarely accomplished by mam 





CHAPTER XXVIII 
FRACTURES OF 'IIIE PATELLA 


Surgical anatomy The pitcllu is to bo regarded ua n bcsamoid boim 
m tho tendon of the quadric* pi In npito of tho statement In Brooho that 
tho patella is either absent or vestigial in tho faster moving quadrupeds, 
and is, therefore, “ phy loguictically inherit od and its presence is not deter 
mined 1» function,” wo behe\o that it scrxcs threo useful purposes It 
protects tho urticulur surface of tho femur in flexion of tho knee, it takes some 
of the frictional strain on tho hgainentum patell-c, and by holding tho ligament 
nwa\ from tho anterior surfuco of tho femur increases tho efficiency of the 
quaduceps in tho last stages of extension v 

Development iho patella is ossified from 0110 ccntio os a rule, but 
occasionally there may bo separate centres for tho upper ami outer portions 
-toF the bono These are usually bilateral, and nro not to bo confused with 
fracture (i ig '52 1) 


Fjuctlh>s of tlit ]> Bella are a particularly good example of the 
fact that the fracture is often a guide to the soft tissue injury , which 
is the most important injury in the majority 
of fractures and of paramount importance 
in this case The principal factor w ith w Inch 
we are concerned is tho quadriceps expan- 
sion, and whether it is intact or not The 
patella lies w ithm tins, being in, but y et not of 
The quadriceps insertion and its expan- 
sion which form the extensor mechanism of 
the knee, may be ruptured at various levels 
Tiie attachment of the muscle may be pulled 
•from the upper margin of the bone, and this 
ma y be indicated later by the formation of 
new bone in this area Tho transverse 
fracture near the centre of the bone due to 
muscular violence is accompanied by rup- 
tures of the fibrous expansion of the muscle 
on either side Fractures of the lower pole of the bone at the 
attachment of the ligamentum patellce are also sometimes accom- 
panied by a similar rupture, though they often occur without 
^placement Finally fractures of the tibia around the insertion 
0 ,^ ie mu scle complete the series of injuries to which the expansion 
is liable 

Fractures unassociatcd with damage to the extensor mechanism 



Fig 'll 4 tiacturo of 
tho patella l>> muscular 
violence Tho patella 
is hi oken o\ tr the low ei 
burface of tho femur 


re due to direct violence, and consist of single chips from the 
margins of the bone, multiple fissures, or gross comminution of the 
one It must not be forgotten that damage to the femoral surface 
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Slipped Epiphysis 
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Reconstruction Operations 
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m 

rJnge arc usually Msiblc in the subcutaneous tissues, and tlie two 
-a'scpmto fragments maj bo felt to mov e independently of each other 
* while the gap between them is unmistakable 




Fia 517 Tho same case aa m tho pre\ ious figure after buturing the 
expansions and tho bone 

\ Treatment Operative repair of the torn expansion of tho 
^ ua nce P s is essential, at the same time the likelihood of the develop- 
ment of sub patella arthntis must be borne m mind, particularly 
m ie old Prehmmaiy treatment consists of the aspiration of the 
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of the bone may occur without any changes being visible m the 
radiograph, and that tins may occur from the patella being forced Y 
violently across the outer femoral condyle, such as occurs in disloca 
tion of the patella 


Varieties of Patella Fracture 

1 Transverse fracture of the body “j With separation, accom 

2 Transv erse fracture of the lower > pamed by rupture of the 

pole J quadriceps expansion 

3 Transverse fracture of the body 1 Without separation of the 

4 Transverse fracture of the lower 1 fragments, expansion 

pole j intact, due to direct 

J violence, or leverage 


5 Comminuted fractures 
G. Chip fractures 


'} 


Due to direct violence 


1 Traverse fracture of the body of the patella 


JL 

This 



FiQ 315 Rupture of the 
extensor mechanism of the 
knee 

A Attachment to upper 
border of patella 
15 Trans* erse fracture 
of the patella 
C Rupture of the at 
tachmcnt of the pa 
tella tendon together 


fracture is the most senous of the fractures 
due to muscular violence This is due to 
the widespread rupture of the fibrous ex- 
pansion of the muscle on either side of the 
patella, and the fact that the fracture 
line is near enough to the centre of the 
bone to be a constant irritation to the 
femur m flexion of the knee, however well 
it is reduced The later development of 
patello femoral arthritis is therefore to be 
expected 

The fracture is due to sudden strain 
on the quadriceps, usually with the kneeY r 
m tlie semifiexed position The patella is' 
caught across the anterior surface of the 
femur is snapped, and continuation of the 
flexion of the knee together with muscular 
contraction tears the expansions of the 
muscle and the tw o fragments of the bone 


with separation of widely apart 

fragment 0 " artlcular Signs and Symptoms These are usually 

D Rupture at attach dramatic and unmistakable There is a 
wbercl° f »ooomp™'ed loss ° f control of the Ineo and ail 
by fracture of the inabihtv to raise the leg with the knee 
tibial tubercle straight There is a rapid effusion of/ 

blood into the knee joint which is distended, and usually an effusioif 


mto the prepatella bursa which is also distended and sits on the 
swollen knee like a small lull on a larger one Bruising and luemor 
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through tlio quadriceps expansion around tho patella and fastened 
to itself with catgut 

Tins m \\ be hurtitient to retain certain fractures of tlio patella 
in which the fi igments interlock in sitisfactorj position, but more 
often to obtain perfect reduction of the two halves of the bone 
these must be h\cd to c ich other Wiring through the two halves 
of the bone his not proved s itisf.iotorj Tho wire tends to break 
and reduction is not always perfect A single screw may bo 
mserted parallel with tho articular faco of tho bone Tins is simple, 
satisfactorv , and can alwajs be removed later Oblique holes can 
be made with an awl on cither sido of the 
fracture line and the two halves sutured with 
catgut (Fig 520) 

If a fragment is excised the jiatclla 
tendon is ittachcd to tho fracture surface 
bj the last named method 

Excision o* thi I’vtllla Through a 
curv ed v ertical or trunsv ersc incision (curv ed 
with base down to avoid tho prcpatella 
bursa being involved m the scar) the patella 
fragments are freed as close to tho bone as 
possible The two portions of the patella 
tendon are then united by strong catgut 
sutures, winch are first placed in position 
(six to ten of them) and then tied while the 
two portions are held together with sharp 
hooks Complete obliteration of tho space 
^left by the patella is fairly easy, and the 
I suture hue may often bo reinforced bj ov er- 
l>mg fascial layers The skin is then closed, 
a stab dram for the first twenty four hours 
being advisable 

After treatment ( all cases) A firm pressure bandage over wool is 
applied which prevents much flexion of the knee A Cramer wire 
f>phnt may be used to support the knee for the first few days if 
desired Quadriceps contractions and gentle faradism are begun at 
once and the patient encouraged to flex the knee as far as possible 
ui the bandage At the end of three w eeks this is removed and activ e 

exion exercises commenced Weight bearmg is permitted about 
t le end of a month Flexion to a right angle should be possible 
^between this time and the eighth week Full recovery of flexion 
is slow, particularly m the aged 

Iroqnosis This is uniformly good in all cases as far as tho 
“ ate results arc concerned In old patients in whom the 



lie 120 Another 
method of patella 
suture A Transverse 
fracture of tho patella 
15 Oblique drill hole 
C Knotted catgut tiod 
through drill holes 
This method obviates 
any suturo lying on tho 
articular surface If 
wiring is omployod it is 
inserted through drill 
holes passing from tho 
lateral aspect of tho 
patella 
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Knee, winch is then firmly bandaged over cotton wool and placed on 
a Cramer wire back splint After a few days for the bruising to 
subside, and for adequate preparation, repair of the quadriceps is 
undertaken The decision as to the fate of the patella depends on 
(1) The age of the patient , (2) The presence of osteoarthritis , (3) 
The size of the fragments Thus m an elderly patient with osteo 
arthritis the patella is best excised In old people m whom patello 
femoral arthritis is likely- it is also excised In young people who 
have not ceased growing it may be completely repaired, while in 
y oung adults it may be best, especially if the fragments are unequal 
in size to excise the smaller one and attach the patella tendon to 



Fig 318 Incision om 
plo> ed m fawial repair 
of the tom quadriceps 
expansion 



Flo 519 The operation for fascial repair 
A Fascial strip woven around the patella 
B Fissure fracture of the patella C 
Suturing in the tom quadriceps expansion 
D Suture of the incision m the fascia lata 
from which the strip was obtained 


the larger one This method has the advantage of retaining part of 
the patella without tho subsequent risk of arthritis 

Repair of the pvtell4 Numerous methods of operation have 
been devised since Lister first placed a wire suture in the bone A 
highly satisfactory method is that employing a suture of fascia 
lata A J shaped incision is made, with the limb of the J on the 
lateral side of the patella and the foot curving around the lower 
margin of the patella The patella is exposed and the fracture sur 
faces cleaned of clot and tags of fibrous tissue The lateral expan 
sions are explored and trimmed and united by a senes of strong 
catgut mattress sutures, which are only tied when the two patella 
fragments are held in apportion by two sharp hooks inserted , 
above and below A stnp of fascia lata is now cut down froniy 
tho upper end of the wound, leaving the lower end attached to 
the side of the patella This is then woven with a large needle 
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te j iso 

o n> 



o 


o >21 Congenital fcio 522 fcracturo of tho 
abnormalities of tho epiphy sis for tho tibia! 


patella Tho patella 
ossifies from two centres 
which fail to fuse Tins 
is often mistaken for 
marginal fructuro of tho 
patella 


tuberosity when this 
develops os n down 
growth from that for 
tho tibial plateau 


I? to 3.J3 hrpaiution of 
tho epiphysis f or tho 
tibial tubeicle 



rlo 524 Old Osgood Schlatter* disease with persist! nt fiagmuitutum of 
the tibial tubuclc. susceptible to stiuin 

be compound If the chip is intra articular, or mv olves the articular 
surface in an irregularity because of its displacement, it should be 
rcmo\ ed If m good position they are left Ctre is to be taken to 
at oid confusion with the congenital abnormality seen m Fig 521 
This is usually bilateral and linohes the upper and outer angle of 
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patella is not excised patello femoral arthritis will develop In cases 
m which the hahes of the patella are not firmly approximated, union 
by fibrous tissue is likely to occur This is compatible with a good 
functional result until the development of arthritis 

2 TrAJsSVERSL IBACTURE OF THE LOWER TOLE WITH SEPAR4 

tion The small fractured fragment has the mam bulk of the patella 
ligament attached to it, but in the majority of cases the fracture line 
docs not cross the articular area of the bone, lying just at the lower 
margin of the articular surface If tins is so no danger of subsequent 
sub patella arthritis need be felt if the fragment is fixed back in 
position If the articular area is involved, the smaller lower frag' 
ment may be excised The ruptured lateral expansions of the quad- 
riceps are repaired with care as in transverse fractures of the body 

3 Transverse fractures of the body and 4 Tkans\ ebse 

FR40TURES OF THE LOWER POLE WITHOUT SEPARATION These cases 
may be due to direct Molence, or more commonly to the patella 
being caught across the condyles of the femur and snapped without 
the displacement of the knee proceeding anj further The extensor 
mechanism is intact and the fragments not displaced Aspiration of 
the knee is follow ed by early activ e use of the knee This is the tj pe 
of case in which the irregularities of blood clot or fibnnous bodies in 
the prepatella bursa may cause diagnostic confusion The absence 
of bruising in these latter cases or of effusion into the knee should 
aid in the differential diagnosis, while it should be remembered that 
chronic prepatella bursitis is usually bilateral 

5 Comminuted fractures These are due to severe direct 
xiolence and the anterior surface of the femur suffers as well The 
collision of a motor cy clist with a vehicle, or the knee being thrown , 
against a dashboard are common methods of producing the fracture, 
and it may he associated with fractures of the femui» Owing to the 
grave risk of subsequent sub patella arthritis the patella should be 
excised in all cases Preliminary aspiration of the jomt, a few dajs' 
rest and adequate preparation are desirable, but the frequency of 
abrasions or of compound wounds often forces emergency operation 
The principles of treatment of open injuries are similar to those else- 
where Should it be considered that there is serious risk of infection 
of the knee joint, great care should be taken to sew up the synovial 
membrane Approximation of the fibrous expansion of the quad- 
riceps can be left to a later date as the large body of buried catgut 
may cause serious trouble if sepsis occurs Drainage is wise for the 
first twenty-four hours m all cases as pressure of blood in the pre- 
patella bursa may produce gangrene of shin over the bursa, but if 
desired the Bound may be left open 

6 Chip fractures These occur due to direct violence and may 
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the bone Confusion arises bee uisc the shadow of the fracture lino 
•<\ cannot be thrown clear of the femoral shadow , but w hen it can it has 
the characteristics of a congenital abnormality 

Fractures of the tibia] tubercle It seems appropriate here to add 
a note on fractures of the tibial tubercle This arises as a tongue- 
shaped extension of the tibml epiphysis ind not infrequently has a 
separate centre of ossification Tins fuses with the shaft at the age 
of eighteen The epiphysis is liable to ostcochrondritis commonly 
called Osgood Sclilitters disease This shown the characteristic 
changes of density and fragmentation, and may result in a failure 
of the tubercle to unite with the shaft properly , a separate small bony 
fragment remaining (Fig 524) Tins condition is often bdateral and 
characterised by e\cessi\c prommence of the tubercles, which may 
^be tender to touch 

If they are submitted to long contmued strain, such as route 
marching, complaint of pam will be made The condition may then 
be diagnosed as a fracture Careful inspection will show it to have 
all the characteristics of well-organised bone (p 27) 

It is m youth when the epiphyseal line presents a weak area 
through which separation may occur that injuries to the tubercle 
are common If a separate centre for the tubercle is present it may 
be av ulsed, or if the whole epiphysis is ossified as one the tongue like 
depression over the upper end of the tibia may be avulsed In such 
cases operative repair is necessary The fragments can usually' be 
held in position by suturing the surrounding fibrous tissues, or by a 
single drill hole m the fragment, and a strong catgut suture tlirough 
bone Screwing may be carried out (Fig 5246), but the screw should 
^be removed m the young as soon as the fractured fragment is firmly 
attached 
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cruciate ligament may bo damaged by blows on tho tibia with tho 
■u Knee He\ed dm mg the tibia bickward 

2 Fit actuui oi Till- Tiiiiu* si»i vi This is due to a blow from 
the inner surface of a condyle, as one or other side of tho inter- 
condy loul notch is, mo\cd tcross igunst the spmc To allow this 
degree of movement either one or both collateral ligaments of the 
knee must be severely sprained or luptured 

3 To complete the summary of the condition, lesions associated 
with comminuted fractures of the tibial condyles must lie mentioned 

Diagnosis There are three characteristics of the lesion, a 


hamiarthrosis, with some limitation of the knee movements, a bony 
block to full extension of the knee, not alw ay s present, and some 
associated relaxation of the ligaments of the knee If the anterior 
cruciate is torn, abnormally’ free antcro-postenor movements of tho 
extended knee arc possible If a collateral ligament of the knee is 
ruptured abnormal abduction or adduction movements of the knee 
are allowed The diagnosis can only be made by radiography, as a 
simple lnemarthrosis, loose bodies, or other fracture into tiie knee 
may cause confusion 

Treatment In the majority’ of cases, full extension of the knee 
after aspiration of the joint causes the fragment of bone to sbp back 
into position and maintains it 


there Some manipulation may 
be required to get the knee into 
full extension, some rotatory 
movements of the foot with the 
knee scimflexed usually causing 
it to slip back The knee is then 
immobilised on a Cramer wire 
back splint w ith a pressure band- 
age to the knee At the end of five 
to ten day’s a plaster cast as for 
fractures of the patella is applied, 
and walking permitted This is 
removed at the end of six weeks 
and gentle exercises commenced 
Occasionally the fragment fails 
to slip back into position, or cases 
may be seen which are not 
diagnosed till the fragment has 
^united in a position limiting ex 
tension In such cases the frag- 
ment must be replaced and the 
knee fuliv extended In these ca 



Fio 5J3 Fracture of the 6pino of the 
tibia Elevation of the attach 
ment of tho anterior cruciate due 
to tho femur being forced bach on 
tho fixed tibia Treated by forcing 
the knee into full extension 


it is occasionally found that a 
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FRACTURES OF THE TIBIA AND FIBULA ALONE 


Surgical anatomy Development The fibula 19 the exception to the 
rule that tho centre of ossification first to appear is the last to unite Primary 
centres for the shafts appear w both bones in the seventh and eighth weeks 
Secondary centres appear as follow 


Tibia 

Upper end Just after birth Unites eighteen to twenty 
Lower end In second year Unites after puberty 


Fibula 

Upper end In third year United before tho twenty fourth year 

Lower end In second y ear Unites about the twenty first y ear 

The tibia is a characteristic long bone, the upper end being an expanded 
cancellous tissue plateau for tho support of tho femoral condoles The 
triangular shape of the shaft on section predisposes to sharp comers at a 
fracture site, while its subcutaneous surface makes them readily compound 
Tho upper epiphysis has a tongue like prolongation anteriorly which carries 
the tibial tubercle, and the articular area for the fibula is localised to it 
Owing to tho fact that most of the ligament* of the region are attached to the 
bone below tho epiphysis it is very rarely separated Jf a seconday centre is 
present for tho tongue of tho epiphysis to which the patella hagment is 
attached this may ho fractured, and rarelv tho tonguo may be avulsed 

The anterior cruciate ligament runs fiom tho antenoi portion of the tibial 
*»pme to the mtdial mtercondvloid suiface of tho lateral femoral condyle It 
is tight m extension and if ruptured allows excessive forward mobility of tho 
tibia Tho posterior cruciate ligament runs from tlio posterior aspect of tho 
tibial spine to tho anteiior medial aspect of the inner femoral condyle, and is 
tight in flexion Rupture allows oxce&sive backward mobility of this tibia on 
tho femur Both these ligaments should be tested for with the kneo flexed to t- 
light angle the foot on the table and tho thigh muscles completely relaxed 
The lower epiphy sis of the tibia is much more susceptible to injury than 
tho upper, and is not infrequently displaced The fibula epiphysis may bo 
displaced at tho same time or the displacement may bo accompanied by tho 
fiactuie of tlio fibula 


Fractures of the Upper End of the Tibia 

1 Fractures of the tibial crest 

2 Fractures of the tibial condyles 

3 Fractures below the condyles 

4 Fractures of the tibial tuberosity (p 501) 

Fractures of the tibial crest 1 Fractures of the anterior 
tubercle This lies anterior to the spine, and is the site of attach- 
ment of the anterior cruciate ligament The fracture is an avulsion,^ 
or ligament traction fracture, due to a blow on the anterior aspect 
of the femoral condyles with the knee flexed, which drives the femur 
backward on the fixed tibia In a similar maimer the posterior 
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tint of Hi] ui j to the femoral condoles They both, if mcoricctly 
leplaccd, !mc a deleterious effect on the joint function, altering the 
line of stress tluougU the joint, and distorting movement so that a 
large number of ciscs end with a severe traumatic arthritis lo 
iv oid this accurate reduction is a sine qua non 

Further, owing to the ligament damage, adequate icst (ten weeks) 
must be given for these to heal and dm mg this tune it is important 
to maintain qu idriceps tone, b> all means at >our disposal If the 



Fig 528 The mechanism of Fio 520 Ligament strain 

fractmes m tho knee region fracture of medial condyle 

from indirect violence of tho tibia, from abdilc 

A Direction of forco nonviolence to tho leg The 

( offered by tho resistance opposite lesion from adduc 

of tho femur B Tho site tion strain is shown in 

of the fulcrum C Direc Fig C89 whilo rupture of 

tion of lev erage exerted by the ligament alono is shown 

forced abduction of tho in Fig G8H 

tibia Tho arrows show 
tho strain on tho medial 
collateral ligament The 
conditions are reversed m 
adduction fractures 

knee is unstable owing to the ligamentous and bony damage, only 
the power of the muscles will maintain it in satisfactory working 
order Any irregularity of the tibial plateau surface is still another 
contributory factor to the onset of traumatic arthritis and demands 
as far as possible that tho tibial plateau be restored to its old level 
/md regularity 

Blows, on the outer aspect of the leg are much more common than 
on the inner aspect, and are characteristically produced by the 
bumper bars of a cai Abduction fractures of the knee are thus 
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torn or displaced meniscus is preventing reduction or full extension 
of the joint It is debatable whether it is of value to fix the anterior 
end of the cruciate ligament with a bone peg or suture, passed by drill- 
ing the tibial condy le from below The results of cases treated with 
out fixation seem equally siti&factoiy The post operative treatment 
i<3 the same as for fractures of the patella requiring operation 

Fractures of the tibial condyles 

1 Fractures 01 rat tibiae plateau ov the medial or 
later il side (a) Involving the outer edge of the plateau only 
(Fig 526) 

(b) Involving the whole medial or lateral plateau surface, which 
is angulated but not depressed or fragmented Tin*} fracture may 
be accompanied by rupture of a collateral ligament 



I'lO 526 Fracture of the outer 
margin of the tibia] plateau 
leaving mo^t of tlio articular 
burfaco intact (Compare Pig 
613 } This may occur with 
(as shown) or without rupture 
of tbo medial collateral Iiga 
inetit — for mechanism com 
pare Fig 5-18 



plateau with little displace 
ment Tho ab ence of this 
is du to the rupture of the 
medial collateral and an 
tenor cruciate ligament 


(c) Depressed fissure fractures or comminuted fractures of the 
plateau, winch may take several forms (Figs 537, 538), may be 
accompanied by collator il ligament rupture and because of the 
severe intra articular damage have a bad prognosis 

2 CoiOUNTlTED FRACTURES OF BOTH CO^DVLFS (Fig 33‘>) The 
importance of injuries to the tibial articular surface is as great as 
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/ expended in depressing, comminuting, or splitting off tho condyle 
of the opposite side 

It follows tint tho toll itcral ligament may be found intact or 
ruptured m either of the two groups of c iscs, though the greater the 
depression of the tibial plateau tho more likely it is to be ruptured 
In all cases steps should bo taken to pro\e or disprove this by 
examination under anesthesia and control radiography In some 
cases the cruciate ligaments inaj 
be ruptured as well It is probable 
that the two groups are dependent 
on whether the blow on the outer 
side of the leg is stiuck above or 
below the knee If the blow is just 

^ below tho knee tho tibia moves in 
under tlie femoral condole and the 
plateau is depressed as a whole 
(Fig 532) If tlie blow is struck on 
tlie femur, tho femur moves inwards 
and the sharp outer edge of the 
femoral condyle splits or depresses 
the tibial plateau 

Sprain fractures of the tibial 
attachment of the medial collateral 
ligament When the medial collate- 
ral ligament ruptures it may give 
at the femoral attachment, stretch 
opposite the jomt line, or at the 
I tibial attachment Occasionally a 
small flake of bone is avulsed 
from the tibial condyle The flake 
is seldom much displaced and is 
restored by manipulation and full 
adduction of the knee, after 
aspiration of the joint The knee 
should he immobilised in plaster 

for six weeks, quadriceps tone being maintained The prognosis, 
when there is an accompanying fracture, is better than when the 
ligament itself is torn and the repair more rapid Complete ligament 
ruptures w ithout fracture require ten to tw elv e w eeks’ rest 

Sprain fractures of the styloid process of the fibula This lesion 
corresponds to tho fracture described above and occurs durmg 
a duction strains on the knee The displacement is variable, one 
case being recorded in winch the fragment was caught in the knee 
joint m an analogous manner to that of the medial epicondyle m the 



varies according to whether the 
bumper strikes above or below 
the knee If below andtholiga 
ments remain intact a depressed 
fracture ot the outer side of the 
tibial plateau and of tho fibula at 
the neck occurs — if tho force 
strikes above tho kneo as in 
Fig 526 depressed fractures of 
the plateau without fracture of 
the fibula tend to occur 
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much moie common than adduction fractures With the abduction 
lesion the upper end of the fibula is sometimes damaged by direct 
violence, though more frequently it is fractured by depression of the 
lateral femoral condyle In adduction fractures the fibula is 
damaged by ligament strain Compression fractures of the tibnl 
plateau are less common, and with a firmly extended knee may 
cause compression of the cancellous bone below the articular surface 



Fig 5S0 his-mru fractuie of 
the tibtul plateau With frac 
ture or the nech and displace 
meat A chaiattenrtic lesion 
when the intact ligaments 
pro' ide sufficient Ie\ erago 
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tic ^31 Diagram lndtcat 
ing tho necessary fon.es to 
reduce the fracture shown 
ui tho previous figure 
All Direction of com 
pression C Forced 
adduction of the leg pro 
ducing tension in tho 
fibula collateral ligament 
D Traction on tho leg 
further increasing this 
tension and separating tho 
joint bur faces 


without distortion of the articular surface More commonly theie is 
some slight angulation, or gross distortion of the joint surface, with 
separation of both condy les and comminution 

In angulation injuries there is a balance of damage shared 
between the collateral ligaments of the joint on the one side and the 
condyle of the tibia of the opposite side If the bgament tears, the 
knee joint opens on that side more easih and there is less energy- 
expended in driwng the sharp edge of the femoral condyle into the 
upper surface of the tibia If the ligament holds the force is 
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b io 533 Abduction fracture of I ho hir >34 Fricturo of tho lateral process of tho talus 

neck of tho f mur Treated by 
carh walking m a short lap spica 




tie >3i Small os marginal? Often mis 
taken for fncture of the rim of tho 
acetabulum or Osteophj ti< outgrowth 






FlO 53(i Depressed fiactuio of tho outer 
half of the tibial articular surfaco for tho 
lateral femoral condole Restored to 
normal position bj fenced adduction 
and plaster retention 


[To face p 
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elbow joint Satisfactory position, is usually aclue\ed by full exten 
sion and the leg should be fixed in plaster for si\ to eight weeks 
(Fig 689) 

Fkactu:res invow ing the outer edge of the tibiae tlateau 
In these fractures the ligaments are intact, the outer condole of the 
femur having merely pressed on the outer margin of the tibia, 
depressing it till with the support of the stronger central portion of 
the plateau the femur is sufficiently opposed to present further 
damage The outer margin being unattached to ligaments cannot 
be elevated by forced adduction or in the case of the medial side by 
forced abduction of the tibia The depression is usually small 
(Fig 526) and the mam part of the tibial plateau remains un 
damaged The lesion may be accompanied by damage to the 
associated cartilage 

Treatment Tins is conservative The joint is aspirated and 
bandaged firmly After a few days quadriceps exercises are begun 
and at the end of a week non weight bearing exercises started 
Should early weight bearing be considered necessary, a knee fixation 
plaster may be applied and active exercises in this commenced 
This is worn for a month to six weeks A satisfactory functional 
recovery is to be anticipated with either method, the disability 
persisting longer if plaster is used on account of the stiffness of the 
joint 

Fractures involving one half ot the tibial plat* vu In 
these fractures the pressure imparted bv the femoral condyle is 
applied evenly o\ er the surface of one tibial condyle This is more 
likely to occur if the tibial surface is under the femoral condyle at 
the moment of pressure, as occurs when it is first driven inwards by 
impact below the knee (Fig 532) The ligaments, by remaining 
intact, contnbute to this b> preventing displacement and prevent- 
ing further tilting of the femoral condyle After depression has 
occurred they may be ruptured, permitting continued displacement 
of the bones on each other Fracture of the fibula is inevitably 
associated with this lesion if it affects the outer plateau, though in 
some cases this may be produced by the actual violence It is then 
more likely to be accompanied by paralysis of the peroneal nerve 

Treatment The ligaments fixed to the condyle and the fibula 
enable it to be elevated by forced abduction or adduction (Fig 531) 
T{ie fracture line usually involves the intercondy loid region and there 
is less risk of early traumatic arthritis than in cases in. which com 
munition of the plateau is present Reduction may be aided by the 
use of a lateral clamp of the Bolder type, or the Phelps Gocht clamp 
Alore convenient than this is the use of an Esmarch bandage by 
means of which great compressiv e force may be applied Reduction 




1*10 533 Alxluchon fracture of the I ir >34 I riictuioof the lateral process of tho talus 

neck of the f mur Treated bj 
carh walking m a ihort tup *.pu.o 





hiG 53b Depicted fiactuio of the outei 
half of the tibial articular surface for the 
lateml femoral condole Restored to 
normal position bj forced adduction 
and plaster ictention 
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t\cn if not perfect usually pioduccs a good functional result The 
K'liiemscus may be damaged and icqunc removal lntei, but tins is less 
common than in the succeeding group of cases 

The limb is put m plibtcr and active quadriceps exercises begun 
immediately after aspiration and reduction of the fracture Weight 
bearing is not permitted for some weeks (four to six), depending on 
the extent of the depressed aica, uid then only in i well fitted 
plaster During this period the knee is actively exercised At the 
end of ten to twelve weeks the pi ister is i amoved and active flexion 
exercises begun It is rare that tins group of cases needs operative 
reduction, but occisionallj it is necessary to do this Through an 
intero lateral or antcro medial incision the condyle is replaced, any 
loose bod^ removed from the joint, and the cirtdage excised if 


affected The after treatment is similar to that in cases non- 
opera tiv elj treited 


DEPRESSED AND CO VIMIYI7TLD FRACTURES Ol A TIBIAE CONDOLE 


When the force cmplo} ed is greater, or strikes the femur instead of 
the tibia, and particularly if ligamentous rupture has occurred, the 
sharp edge of the femoral condyle (in particular the lateral condyle) 
may split off the outer margin of the condj le (Fig 52C) Tins fracture 
is inevitably accompanied by damage to the collateral ligament 
but the fibula may remain intact Damage to the tibial plateau on 
the medial side of the fracture occurs and the surface is depressed 
here Reduction of this type of fracture is similar to that described 
above, the small depressed area described remaining unreduced 
(Fig 336) Lateral compression is usually sufficient to reduce it if 
combined with adduction Operative treatment is rarely necessary, 
nor is the introduction of pins laterally through the condyle and mto 
the tibial substance to lever up the condyle needed 

Where the plateau fads to split, comminution and depression of 
the plateau occurs This may leave an intact margin as shown 
in Fig 538, or the whole condyle may be grossly comminuted with 
inevitable damage to the meniscus In these cases the collateral 
ligament will often be found intact, the depression and comminution 
of the tibial plateau taking most of the force It is obvious that the 
reconstruction of the plateau is not likely to be very easy or success- 
ful in these cases The fragments of bone once loosened are depriv ed 
of a blood supply and lie poorly supported by other fragments 
More damage is likely to be done by the operation than good 
Comminuted fractures may therefore be divided mto two groups, 
V ose 1,1 which an approximately normal appearance can be restored 
y tiie measures described above and those m which no satisfactory 
restoration can be accomplished In these last cases open operation to 
remov e fragments w Inch w ould block flexion or extension is desirable 
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Comminuted fractures of both condyles Such fractal es can only 
be reduced by a combination of traction and compression Traction 
should be commenced from the first, and is best applied tlirough a 
pm m the lower end of the tibia A pm m the calcaneus is in tlus 
case less satisfactory The leg is held on a Thomas splint m 
extension, the knee joint being aspirated and surrounded with a 
compression bandage A puli of 10 ibs is used to commence with, 
and is increased or decreased according to the change seen in the 
radiographs At the end of ten days the case is reviewed In a 
few cases the traction will have settled the condyles in fair position, 



Fig 537 A comminuted 
fracture of both con 
d>tea of the tibia uadi 
eating tha directions of 
application of force to 
restore approximate 
position of the frag 
xneuts (compare Fig 
539} 



Fig 538 Depression of the 
articuiar surface of the tibia (B) \ 

Iea\ mg an intact outer n all of ] 
the tibia (A) 


but m the majority it must be aided by compression with a clamp 
This is applied for a moment and serened tight, being immediately 
released A control \ ra> is taken and if satisfactory the knee is 
firmly’ bandaged and replaced on the Thomas splint m extension 
In order to retain some mobility in the joint early flexion and 
quadriceps exercises are essential, and these are commenced from 
the moment the joint is aspirated, immediately’ after being first seen 
The weight employed for traction is gradual^ diminished and, 
abolished about the end of the fifth w eeh If the Knee is to be satis^ 
factory, flexion to 30 degrees should be possible at tins time Flexion 
exercises with no sphnt and without weight bearing are continued, 
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the patient being got up on crutches At the end of ten to twelve 
^eeks the patient is fitted with a walking calliper and allowed out 
The calliper is worn for six to nine months With such cases perfect 
knee function cannot bo expected, but it is often surprising what 
movement returns to an apparently completely disorganised knee 
The development of a late arthritis is almost inevitable, but a young 
patient may have many years good use out of a knee before this 
occurs 

The importance of trcitmg all kneo injuries in the extended 
position cannot be over emphasised It gives accurate control both 
by vision and by X-ray over the fiagments .and the position of the 



Fio 539 A comminuted fracture of the upper end of the tibia, showing 
marked displacement 

joint In the case of injuries to both condyles, if treated in flexion, 
the posterior displacement of the tibia on the femur is likely to bo 
overlooked, but is easily seen in the extended knee, and adduction 
and abduction can be accurately controlled 

Fractures below the condyles These are most commonly the 
result of direct v lolencc below the knee, though they may occasion- 
ally bo the result of lev erage and impaction of the cancellous bone 
of the condyles over the compact bone of the shaft The tibial 
ylateau 13 not as a rule displaced, though it may be involved by 
hssunng into it Displacement in non comjiound cases is small 
Treatment Impacted cases should not be disimpacted unless 
lore is gross deformity and shortening The impaction gives one 
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the opportunity to concentrate on function of the knee without 
weight bearing for the first month The limb is supported on a slung 
Thomas splint or in a plaster gutter splint, during this period 
Having obtained a reasonable degree of knee mov ement, the immo 
bihsation of the knee in plaster to allow weight bearing from the 
fourth week on need not be feared A knee fixation plaster leaving 


Fio >10 Fracture of the upper third of the tibia and fibula 

the foot free is sufficient Union is rapid, being firm in eight to ten 
weeks 

In non impacted cases the alignment of the limb is corrected and 
main tamed bj a complete plaster cast from foot to groin Active 
quadriceps drill is commenced from the beginning If there is an 
effusion into the knee tins should be aspirated before the application 
of the plaster As soon as there is any evidence of commencing 
union the knee fixation plaster leaving the foot free is applied and 
weight bearing commenced In the later weeks this maj be 
guttered for the commencement of knee flexion exercises Rarelj 
m these cases is shortening a consideration, but if present the methods 
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employed m fractures of the shaft of the tibia should be utilised in 
y its correction 

' One danger of tinctures in this region requires to be mentioned 
The posterior tibial vessels are held firmly m position as they pass 
under the fibrous origin of the bolcus They cannot consequently 
noid the pressure of fragments of bone displaced posteriorly, or of 
excessive tension in the region These fractures may therefore be 
followed by arterial obstruction of varying degree and paraly sis of the 
posterior tibtal nerv e This is one manner in which Volkm.mn’s con- 
tracture of the leg may arise Should the condition be recognised the 
\ esscls should be decompressed by a posterior incision exposing them 


FRACTURES OF THE SHAFT OF THE TIBIA ALONE 
This fracture is not common as the sudden loss of the suppoit 
^tof the tibia throws a heavy' strain on the fibula which consequently 
fractures It is therefore most likely' to be 
seen where the fracture of the tibia is 
incomplete or permits little displacement, 
or in which the fracturing force has ceased 
to act after impact with the bone A kick 
at football is a not uncommon method of 
producing a transverse fracture, often with 
minimal displacement The fractures of 
the tibia alone commonly met with are 

1 Grcenstick fractures in children up 
to the age of fourteen (Fig 541) In them 
there may be v ery' little to note except the 
child’s reluctance to use the leg, local 

i pain, and a history of injury The lesion is 
rev ealed by radiography 

2 Transverse fractures without displace 
ment Usually due to blows and therefore 
sometimes compound Angulation is to be 
feared if too early weight bearing is per- 
mitted Some weeks m a non weight-bear- 
mg plaster js therefore necessary before this 
>s allowed and a well-fitting plaster is essen- 
tial Union is slower than m helical or 
oblique fractures, but more rapid the nearer 
the fractured to the ends of the bone Firm 
union should be established in an adult in twelve weeks and m 
a child it may occur m half this time 

1 Oblique fractures, being due to strong bending violence, 
wju illy m\ oh e the fibula as well, and are treated m the same manner 



Fio S4I Spiral fracture 
of greenstick tjpe 
not uncommon m 
children 
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as a helical fracture, the prevention of shortening and angulatioi 
being the chief concern 

4 Spiral or helical fractures with little displacement may occur 
the elasticity of the fibula and its attachments permitting the tibn 
to he broken before it yields Shortening m such cases is minimal 
but there may be angulation of the tibia towards the fibula Evei 
if not present at once it frequently occurs during tieatment and £ 
fracture from which a good result is anticipated may be disappoint 
mg A second factor which is more difficult to correct is rotations 
deformity Tins must be carefully w -itched for and checked clinically 
and radiologically whatever method of retention is employed Foi 
this reason operatn e fixation with one or two screws, which with th< 
slight displacement present is a very simple procedure, is to be 
recommended if there is any displacement If this cannot be carried 
out the fracture should be controlled by a long leg plaster and w eight 
bearing avoided for four to six weeks, when it should be permitted 
in a fiesh well-fitting plaster 

In fresh fractures the usual precautions m applying a complete 
plaster must be observed If it is thought desirable to encircle the 
limb an even padding of cotton wool should be applied under a 
bandage More satisfactoiy is the use of a wide unpadded slab 
bandaged on to the back of the limb and 2ea vmg a gap of three inches 
in front which can be split down easily if swelling is likely' or cederaa 
appears It must not be forgotten that it is occasionally' convenient 
to apply the slab to the front of the limb, e g , when lacerations or 
abrasions of the calf exist 

FATIGUE FRACTURE OF THE TIBIA 

The yielding of bone to repeated stress w ithoufc the history of a 
severe injury has now been recognised m many situations other than 
the metatarsals in winch it was first described as “march fracture ” 
Among the sites where it occurs are the neck of the femur, the lower 
third of the femur, the humerus, the first rib and the upper third 
of the tibia For the fracture to be classed as a fatigue or stress 
fracture it must be possible to trace it through three stages 

1 Subperiosteal deposition of bone, without fracture 

2 Fissure fracture with increased density on either side of the 
fracture hne 

3 A healed stage with increased tluckness of bone 

The first two stages are characteristically shown m Fig 542, 
which shows a fatigue fracture of the tibia in one leg The opposite 
tibia subsequently show ed a similar series of changes The condition 
is met with in adolescents undergoing severe exertion, eg, army 
training The complaint is one of local pam aggravated bv exertion 
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and any bo fainter il Clinically tlicro is local ienduness and 
swelling l he diagnosis is based on the radiological findings m the 
absence of an adequate history of injury Treatment depends on 
the stage of the condition In the ucuto phase it is usually sufficient 
to a\ old o\ er exertion on the kgs till the healed stago is apparent 
Owing to the fact that periosteal now bone formation may even 
precede the lppearanco of the fracture line, no danger of spontaneous 
fracture need bo feared The cause of the condition m the tibia runs 
approximate!} three months Graduated physical training may then 
be recoin me need 

FRACTURES OF THE FIBULA ALONE 

A complete clnpter could be devoted to the interesting varieties 
of fracture of the fibula by direct and by indirect violence The 
catalogue of fractures winch maj occur is long enough The 
fractures due to indirect -violence ha\e a particular interest in being 
dependent on the sequence of ligamentous injury, w inch determines 
their level and nature In indirect violence the force is imparted to 
the lower end of the fibula by rotation of the foot and the consequent 
association with injuries to the ankle makes it more convenient to 
discuss the lesions under tins head (p 330) It must nob be forgotten 
that the fibula has an appreciable and important range of move- 
ment, winch contributes much to the elasticity of the ankle and that 
it can be dislocated at either end 

Fractures of the Fibula 

1 Upper end (a) Without displacement 

(1) With tibial fracture 

(2) Direct violence 
(b) With displacement 

(1) With an intact knee joint (Fig 540) 

(2) With a damaged knee joint (Fig 530) 

2 Neck (a) Without displacement 

(1) Associated with rupture of the anterior 

tibio fibular ligament (Maisonneuve’s 
fracture) (Fig 009) 

(2) With rupture of the fibula collateral 

ligament of the knee (Fig G89) 

(3) Associated with fractuie of the posterior 
tibial tubercle (i e , rupture of the pos- 
tenor tibio fibular ligament) {Maison- 
neuve'a fracture) 

(6) With displacement Avulsion fracture by 
the tendon of the biceps femons 
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3 Shaft (a) Direct violence Transverse oblique, or 

“ butterfly,” usually aiouiid the mid shaft 
( b ) Indirect xiolcnce 

(1) Associated with rupture of anterior and 
posterior tibio fibular ligaments and 
tearing of the interosseous membrane 

(3) Associated with rupture of the anterior 
tibio fibular ligament and the inter 
osseous membrane (Dupuytren’s frac 
ture) (p 560) 

4 Lower end 

(a) Oblique first degree external rotation fracture 

(“ Mixed oblique fracture ” of Destot) 

(p 541, Fig 560) 

(b) Transa erse fracture at le\ el of tibial plafond 

(1) Adduction p 55 j, Fig 599) 

(2) Abduction p 5">4, Fig 597) 

Fbxctcues of the upper end of the fibula Undoubted!} the 
most common Ipsion is the spiral fracture of the neck of the bone due 
to rotational violence In order for the rotational force to pass tjie 
limit of elasticity of the bone either the tibio fibular syndesmosis 
must be damaged or the tibia fractured It is possible for the 
peroneal nerve to be caught in such fractures as it winds round the 
neck of the bone and to be severely crushed Displacement of sucli 
fractures is minimal and the treatment is that of the primary lesion 
The head of the fibula may be crushed in direct violence by being 
squeezed against the tibia The peroneal nerve may therefore be 
damaged Treatment in such cases as are not compound consists of 
rest and the support of a firm bandage 

Where the fibula head is displaced the tibial condyle is usual!} 
displaced as u ell, and w ltb the reduction of the plateau it is brought 
back into good position The tip of the fibula corresponding to the 
attachment of the fibular collateral ligament and the biceps may be 
avulsed m adduction injuries of the leg as has been discussed before 
on p 607 An interesting \anation is the fracture of the fibula 
neck below the insertion of the biceps which draws the upper frag 
menfc backward The reduction and retention of this fracture is 
impossible without open operation spasm of the biceps maintaining 
the displacement Fixation of the two bone ends in contact by a 
loop of wire or strong catgut maintains reduction 

Fractures of the shaft of the fibula This is due to direct 
violence, and is frequently transverse There is no displacement, 
but a distressing feature is the persistence of pain It may be the 



FRACTURES OF THE FIBULA 


r il7 


pain uhuh bungs v patient to the doetoi, when ho has considered 
himself to be suffering fiom i bruise The tracking of tlio blood- 
staimng along tlio peioneal compartments m such a ease should 
arouse suspicion Inimedi itc relief of tlio pam e m bo produced by 
an injection of no\ ociinc into the h unatom \ After tre vtmuit should 
consist of massage and exercises, or if there is little discomfort on 
•walking of firm support w ith clastoplast or a crepo bandage Though 
a minor fracture, pam is apt to persist for longer than expected, and 
can be reho\ ed bj repeated injections 
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CHAPTER XXX 

FRACTURES OF BOTH BONES OF THE LEG 


Of all the long hones the tibia is the mo&t commonly fractuied 
Injuries to the leg are particularly frdquenfc under modem industrial 
and traffic conditions, and because of the subcutaneous nature of the 
bone they are commonly compound, either directly or indirect!} 
The position of the bone Ring, as it does, between the two lunged 
joints of the ankle and the knee is peculiar These joints are care 
fully aligned by nature in their axes of movement, and the slightest 
disturbance of the alignment of the bone results m a redistribution 
of strain through the knee and ankle which, if severe enough or? 
existing long enough, will eventually produce a traumatic arthritis at 
one or both joints It is only in the young, where the continuation 
of growth will result m spontaneous rectification of any mal 
alignment, that the results of fracture of the leg can be heated 
lightly In the adult though the immediate results may be gratifv 
mg, the late results are very disappointing, while m a body of fit 
men the average fracture of the leg produces a very marked dtmuiu 
tion m physical efficiency Tins is due in most cases to the undesirable 
effects of imperfect alignment In some cases soft tissue damage and 
adhesions are in part responsible particularly m infected fractures , 
while too long continued traction and inefficient immobilisation take 
their toll It is nevertheless true that fractures of the leg bones being 
regarded as simple to treat, are m fact more unsatisfactory m the 
long run than many more complicated injuries The introduction* 
of skeletal traction, while it has improved immensely the position 
achieved in fractures of the leg, has brought w ith it many disodv an 
tages These may be summarised as follow s — 

1 Over traction and stretching of ligaments at the primary 
1 eduction 

2 The continuous use of traction with continuous ligament 
stretch 

3 Continuous over traction with delayed union 

4 Fixed distraction with two pins with greater chances of non- 
union 

) The dangers of pm sepsis near a joint 

Prolonged immobilisation without adequate movement of the > 
knee or the ankle is undesirable in all cases, and it is not true to state* 
that if the patient is weight bearing on the immobilised limb it 
is unimportant Activ e use of the limb in plaster is to be recoin 
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mended w hcre\ cr possible, and it does reduce stiffness to a great 
extent It is not, liow c\ er, comparable with a method winch leaves 
the joints free for exercises 

The idcil* of treatment of fracture? of the leg must thus be — 

1 Perfect reduction Both angulation and shortening are to bo 
corrected, but rotation which is commonly neglected is still more 
important 

2 The avoid mcc of traction m anj form if possible, and if it 
must be used, onlj as a method of immediate reduction and not of 
fixation 

J The earliest use of the knee and ankle joints possible without 
risk of loss of alignment 

4 The use of the limb for weight-bearing as soon as possible 
, It would seem that these ideals can onlj be satisfied by open 
loperition and heavy plating The disadvantages of plating bones 
heavilj have been discussed m Chapter X, where the reasons for 
the adoption of single or double screw fixation have been described 
This method, though probably adding a fortnight to the time taken 
for clinical consolidation of the bone, is the ideal under good opera- 
tive conditions and in experienced hands 

jEtiology Rotational v lolence produces helical or spiral frac- 
tures of both bones, the fractures sometimes bemg at the same 
level, but more frequently the fibula fracture is higher up, and may 
be missed if the X-ray film fails to include the upper end of the bone 
These fractures tend to be indirectly compound, a sharp spicule of 
bone penetrating the skin over the subcutaneous border of the tibia 
Direct violence usually produces a transverse fracture of both bones 
at the same level, and the fracture is often directly compound 
-^Comminution may occur Bending violence may produce double 
oblique fractures b> the mechanism shown on p 4 In all cases of 
fractuie of both bones of the leg temporary splintage is more 
important than elsewhere owing to the gieat displacement which 
inav occur and the possibility of this rendering the fracture 
compound 

Diagxosls These cases present the classical signs of fracture 
and pre&ent no difficulties Bruising is very variable, and may be 
immense Injury to nerves is almost unknown, but injury to blood 
v esieLj is more common, and may account for a few cases of gangrene 
of the toes following fracture Shortening and angulation are the 
most common displacements, but with rupture of the interosseous 
membrane it is possible for the bones to be widely separated 

Treatment This may be outlined in a skeleton manner as follows 
t is very largely dependent on the direction of the fracture 
line 
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Transverse 


Slight obhqfiity 
Part oblique, part 
transverse 
(F>g G) 


Spiral or helical 

(Fig 3) 

Oblique (Fig 2) 
Comminuted 

(Fig *23) 


Manipulation and plaster gutter splint 
Early ■walking plaster (» e , m 10 to 18 days) 
Plating 

Single screw fixation 
Plating 

Manipulation and gutter splint 
Walking plaster a little delayed (3-4 weeks) 
Angulation often best corrected at the end o 
ten days 

Suigle screw fixation 
Plating 

Continuous traction m plaster to commeno 
with then a complete plaster 
"Walking plaster considerably delayed till callu 
firm and shortening cannot occur (4r~6 weeks) 


Transverse fractures (a) Without displ icemknt Li th 
absence of any risk of shoitening treatment becomes simple As i 
preliminary a posterior plaster slab is applied encircling two third 
of the limb A simpler substitute for this is a well-moulded Crame 
wire splint, which with side pieces may'- be strapped to a Braun* 
splint The limb is elev ated until sw elhng has subsided, when a com 
plete circular plaster is applied from the thigh to the toes The plaster 
mav stop at the metatarsal heads leaving the toes free to exercise 
The patient is encouraged to get about on crutches, and at the end 
of the fourth week a fresh close fitting plaster is applied and weight- 
bearing permitted This is best done through some form of shoe 
taking the weight on heel and toe tlirough a sponge rubber sole 
Some softening of the sole of the plaster is no disadvantage as it*- 
allows more normal metatarsal movements Careful radiological 
control is maintained to prevent angulation, and if this occurs it can 
best be corrected by wedging the plaster The continuation of the 
plaster above the knee may not always be necessary m fractures of 
the lower third of the bone Union should be clinically firm in ten 
to twelve weeks when the plaster should be removed and active 
rehabibfcation begun 

(6) With displacement Displacement can often be reduced 
by manipulation under anaesthesia alone Such eases are treated 
after reduction in the same way as undisplaced fractures Swelling 
and soft tissue injury is likely to be greater, and consequently the 
date on which a close fitting plaster can be applied is delay ed Where > 
reduction is not satisfactory by manual methods the use of a Bolder*- 
or Watson Jones traction frame is necessary Skeletal traction is 
applied through the os r.alcjs or the lower end of the tibia (pre 
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fcrablj the lattei) and the fractuie disimpactcd and icdutcd 
Radiological control bcfoie tho application of a plaster maj bo 
helpful Cire must be taken that the rotation of tho foot is correct, 
and the mterdigital cleft between the first and second toes is in lino 
with the mid lmc of tho pitella 

The leg is then phstcrcd on tho frame The Kirsclmcr wire or 
pin is removed and in high fractures of tho shaft the plaster con- 
tinued abo\c the knee with the knee in slight ficuon A displace- 
ment of a quarter of the width of the tibial fell ift can be neglected if 
the alignment is good This is controlled by wedging later if neces- 




fcic 514 Corteition of tho angulation by division of the plnbter at lo\el 
of the fractuie with a «au and opening up tho planter (\\ edging the 
planter ) 


sary If a noil-padded plaster cast has been used it should be split 
down the antero lateral aspect Alternately, light padding maj be 
included around the fracture area to allow for sw elling The patient 
will be more comfortable if the limb is slung This is most easily 
done bj putting a Thomas splint o\er the limb and attaching it bj 
a double cuff of plaster The after treatment is similar to non- 
displaced fractures once the swelling has subsided and earl} union 
has prc\ tilted the possibility of lateral displacement of the bone 
Tlie plaster need only be maintained above the knee if the fricture 
is in the upper two thirds of the bone and in the early stages of 
treatment 

(<*) With minDLciBL* displacement This is uncommon, but 
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fractuies may get locked out of position by soft tissues or by frag 
nients of bone After attempts at reduction have faded by the 
ordinary method open operation should be carried out The altema 
fives presenting themselves then are interlocking of the bone ends 
without fixation, light plating and external splinting, and heavy 
plating without external support This is a matter for decision oil 
the conditions present and personal preference Transverse frac- 
tures can occasionally be maintained in position by an oblique 
screw 

Oblique fractures In this group of fractures lateral displace- 
ment and shortening and angulation are likely to occur This 
includes fractures from bending violence, fractures m which the 
fracture line is half oblique and half transverse (Fig 7), and 
fractures in which a butterfly fragment has not fully separated (in 
other words, a half oblique, half transverse fracture in dhich the 
oblique fragment is incompletely separated by a fissure) These 
cases lend themselv cs to simple measures of operative fixation with 
perfect reduction of the fracture, and tins is to be recommended 
where conditions are satisfactory A sing le or double screw may be 
used and a moderate degree of stability achieved These fractures 
are not uncommonly indirectly compound and immediate operative 
fixation may well be combined with excision of the wound Where 
there is nsk of infection it is not yet certain whether the introduction 
of even the minimal amount of metal is justifiable It is probable, 
however, that a single screw can do little harm m an open 
wound ' 

Technique After adequate rest and preparation of the patient 
(which does not mean complete removal of Ins clothes, and prepara 
tion of the wound area) the patient is taken to the theatre The 
sooner this can be done after the infliction of the injury and treat- 
ment of shock the better Here, when under the anaesthetic, the 
clothes are removed and the wound prepared The technique is 
described on p 129 The limb is w rapped in a sterile towel and an 
Esmarch bandage applied to exsanguinate the limb, and a second 
Esmarch as a tourniquet The wound is then excised in the usual 
manner and the open reduction of the fracture by the use of Lane’s 
forceps and manipulation proceeded w ith Inspection of the fracture 
ends determines the correct position of the screw or screws winch 
should run as far as jiossjbJe at right angles to fraUured surfaces 
A drill hole, one sixty fourth of an inch smaller than that of the 
screw is made in the correct direction and followed by a screw A 
second screw is inserted if necessary The periosteum and soft 
tissues are drawn together by a few interrupted stitches and the skm 
c irefulh closed In the leg imnostasis is usually satisfactory but 

N. 
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elsewhere the tourniquet should bo iclcascd and li unostasis esta- 
blished If an} uncutamt} lunains i dram should ho inserted for 
twent} four hours The hmb is then lirinly trapped in a thm Ia}er 
of cotton wool and bandaged Over this a light plistcr cast is 
carried up to the Knee and the limb is icstcd on a Braun’s 
splint 

After tre vtmlnt In tills t} pe of fracture the rigidity imparted 
bj the serous to the limb is variable and the after treatment is 
modified to suit the degree of rigidity obtained Earl} mo\ cnicnts 
are the goal of treatment, but adequate rest must he given for the 
wound to heal Accordingl} at the end of the seventh to the tenth 
da} the plaster is guttered, and if the wound is satisfactory and the 
leg firm activ e exercise to the knee md ankle are begun in the bed 
The plaster gutter splint is w ora at night and if the patient is allowed 
up ou crutches At the end of the sixth week the movements of the 
ankle are satisfactor} , and no harm ensues if the patient is giv en a 
weight bearing plaster It is usuall} sufficient if this comes only as 
far as the knee This is removed at the twelfth week when union is 
usually firm Where the fracture is not finn enough for early exer- 
cises a long leg plaster ma> be applied and w eight bearing begun 
As the fracture gams in ngidit} this may be reduced to a below the 
knee plaster, or the plaster gutter splint be substituted and exercises 
to the ankle commenced 

Spiral or Helical Fractures 

Provided that there is no comminution of the sharp ends of the 
bone these fractures lend themselves particularly to fixation by 
, scr ews The fracture is so shaped (Fig 3) that it interlocks firmly, 
and provided it cannot be rotated it resists deformation It is there- 
fore ver> convenient to treat these cases by single or double screw 
fixation in the manner prev lously described A rigid hmb is obtained 
which can be given exercises very earl} and in which it is unneeessar} 
to use a plaster cast If early vs eight bearing is desired a walking 
plaster may be applied between the fourth and the sixth week 
Consolidation takes ten to twelve weeks 

At operation definite evidence of the difficulties of non operative 
reduction may bt seen m the form of displaced fragments of bone 
or interposed soft tissues Perfect reduction b} any other method 
except m cases w here the fracture is subperiosteal and needs onl} 
cosing ky the correct rotation of the foot is almost impossible 
* 1In * ar conditions apply to oblique and half obhque fractmes 

Aox operative reduction oi oblique trvnsvfiise 

r ^ RLS ^-he difficult} m these cases is the prevention of shorten- 
m » Angulation and rotation can be controlled moie easil} and are' 
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1-ig >45 Spiral (helical) 
fracture of both bones 
of the leg— due to ex 
ternal rotation \ jolence 



Fio 540 Perfect reduc 
tion of previous caso 
with a single screw 



Fl(» Skeletal traction in reduction of a fracture of the leg -rt udy for 

plastering (Hawley Scanlon table ) 

both important, particularly rotation -which is apt to bo neglected 
Some form of skeletal traction is necessary for reduction and con 
'tmuation of traction is usually necessary for retention as there is «a 

V N 
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tendency for the kg to shoitui inside the plastei as the swelling 
subsides In oidcp to o\ cicomo this the use of tw o pins incorporated 
in the pi lister h vs been suggested This method, though excellent 
for retention, is ipt to produce permanent distraction of the frag- 
ments with resultant del m union More satisfactory is the use of 
one pm through the plaster and tibial tubciositj to prevent sliding 
of the plastei on the leg md the contiol of the lower fragment bj the 
plaster mound the foot Less forcible distr iction is likely to icsult 
if this is done Reduction is carried out on the Braun’s frame bj 
means of v wire through the os calcis or the lower end of the tibia 
Shortening can usually bo corrected by clinical observation, but li 



Fiq 548 Bolder s leg traction apparatus in uso for the roduction of a 
fracture of both bones of tho leg Tho accurate control of the 
fracture and the case of plastering aro well demonstrated 

there is any doubt radiological control should be sought , The tibi il 
tuberosity is transfixed by a Steininann’s pm and the foot and both 
pins and ware incorporated m the plaster If the fracture is fresh 
and swelling is anticipated a thin cotton wool padding should be 
employed In any case a turn of flannel bandage should be taken 
around the malleoli and o\er the dorsum of the foot which arc 
liable to pressure The Kirschner wire is removed from the heel and 
the leg tested on a Braun’s splint Correction of rotation and 
angulation may be made by making a circular cut through the 
plaster at the lex el of the fracture, and either rotating the lower 
ragmuit or wedging the plister The patient is able to get about 
on crutches, the plaster being continued above the knee if the 
racture is ui the upper third of the tibia As soon is consolidation 
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the joint icsults T. i.tion tluoufih a pm m the loner cml of the 
V Pina ,s not -o open to objection In both cases Knee movements n .11 
bo restneteii !>\ tl.e neccss.U to continue the plaster above the Unco 
with the Knee ... si, pl.t lies, on to eont.ol .ot .t.on lho vvug t 
empU.veil will van with the imlnnln .1 s weight. bung i bout a tenth 
of it (10 to IS lbs ) The weight is g. ulu illv reduced till at the cml 



tic r > >2 An oblique fracture of 
the tibia shotting the satis 
factory position obtained bj 
plaster when the patient 
was recumbent 


I* It <5 I 53 Tho same case show- 
ing the effects of too early 
weight bearing in a walking 
plaster Noto the high 
fibula fracturo 


f the third week it is 7 to 10 lbs About the sixth week a long 
talking plaster is substituted and weight bearing commenced 
Comminuted fractures The problem is usually essentially the 
same as that of an oblique fracture, but slightly increased difficulty 
is met with due to the grcatei loss of lateral stability Occasionally 
a comminuted fr ictuie of the ty pe shown in Fig 554 is met with, or 
a double transverse fracture m which shoitening is not much in 
^udcnce and which can be controlled by a simple plaster cast 
More commonly reduction by skeletal traction and pin transfixion of 
the uppei fi igincnt is ncct^saiy 
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The gross ly comminuted fracture is unsuitable for open operative^ 
reduction (Fig 73) Non union is an uncommon sequel, com- 
minuted fractures usually consolidating yy ell In the butterfly type 
of fracture, 111 ay Inch one large fragment is lying free, operative 
fixation by double screws (Fig 534) may be desirable Comminution 
is often combined YYitli an open Y\ound and excessive removal of 
loose bone fragments should be 
axoidcd Even if the larger frag 
ments are completely detached they 
should be left, as they encourage 
tiie formation of new bone 

Compound fractures Compound 
fractures of the leg are particularly 
common They are very commonly 
indirect compound fractures from 
the perforation of tiie slon by a 
sharp spicule of bone Should the 
spicule be seen externally 7 and be 
small it may be advisable to cut it 
off before excising the wound in the 
usual manner Indnecfc compound 
fractures (which was the injury from 
winch Pcrcival Pott himself suffered) 
have a good prognosis as far as 
infection is concerned, and adequate 
excision of the wound should result 
m all of them healing by fii&fc mten 
tion Operative fixation of such 
fractures can thus be safely under y 
taken vt the time of operation 

Gross compound fractures are 
treated on the hues previously de- 
scribed Owing to the subcutaneous 
nature of the bone drainage is 
usually satisfactory and dependent 
drainage seldom necessary Immo- 
bilisation of such fractures must be 
complete and the plaster must extend abov e the knee If there is 
danger of shortening continuous skeletal traction maybe employed, 
or if there is no risk m insertion a pm should be put through the 
tibia! tuberosity Elevation of the leg is important and the 
patient should be made comfortable by slinging the leg on a Thomas^ 
splint rather than resting it on a Braun’s splint 
1 Fractures of both bones of the leg in children 



?jo The double oblique for 

butterfly) fracture of the tibia 
with a fracture of the fibula h>f.h 
up treated in planter with con 
tinuous traction 


These frictures 
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aro commonly gtccnstitk and in the milder case it may be sufficient 
sf to keep the child off its feet until it shous a desire to get up on them 
again In more p imftil eases a piaster cast to the knee is iieces&ary 
In most other fncturcs a satisfactory position can bo obtained by 
maiupul ition and plaster Minor degrees of deformity can be 
neglected as they will be corrected by growth The plaster should 
in all cases be carried ibo\e the knee is no danger of stiffness is 
present and children soon loosen any’ plaster 

Difficulties with fractures of both bones of the leg Dilaxfd 


L\io> Union is often slow Tho best treatment is repeated walking 
plasters, which may be iccompmicd in some cases by^an osteotomy 
of the fibula, which if united may be holding the tibial surfaces 


apart 

J Non-union The junction of middle and lower thirds of tho 
tibia is a classical site for this to occur, and any of the factors 
mentioned m the general discussion of this subject may be responsible 
while the treatment is also discussed there (Fig 51) 

Angulation In late cases this is usually duo to too early 
weight bearing In recent cases it is best corrected about the 
tenth to fourteenth day by a fresh plaster and w edging (Fig 544) 
Pressure sori s on the heel and malleoli A small pad of felt 
may bo put o\er the heel to avoid any risk of this The malleoli 
are commonly affected w lien the traction is released on the heel after 
the plaster has set They then displace slightly mside the plaster 
and de\ elop pressure points A turn or tw o of flannel bandage grv es 
sufficient room to a\ oid this 


External popliteal (peroneal) palsy Tins commonly 
, arises from the pressure of the upper rim of tho plaster on the nerve 
ft is a\ oided if a strip of felt is placed over the head of the fibula and 
the plaster always continued up to the level of the fibula head and 
not stopped short o\er the fibula neck 
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CHAPTER XXXI 


FRACTURES OF THE LOWER END OF THE TIBIA AND 
FIBULA 


, Surgical anatomy The capsule of the ankle joint is attached to the tibial 
epiphjsib, the epiphjseal line tying completely above it To appreciate the 
more complicated points of lesions of the ankle a detailed knowledge of the 
anatomy of the bony surfaces of the region is essential We can onty mention 

the more impor^int points here The tibio fibular mortice is much deeper on 
the outer side corresponding to the lower position of the fibular malleolus, 
which lends lateral suppoit to the ankle This is compensated for medially 
by the strength of the deltoid liga 



Fig Saa Tr&nsv erse. section of Abo tibia 
and fibula immediate]} abov e the 
ankle joint A-B axis of movement 
of thfe ankle joint C-D, malleolar 
axis The angle of 30 degrees made 
by this with the axis of the ankle is 
shown also the relationship of the 
anterior and posterior tuberosity of 
the tibia to the fibula in an tP 


raent Posteriorly the tibial articular 
surface is deeper than anteriorly, 
and this is increased by the lateral 
malleolar ligament The upper sur 
face of the talus is convex, with a 
shaip lateral margin and a curved 
medial margin, and it is broader 
anteriorly than posteriorly, so that 
lateral roov ements at the ankle are 
impossible in the dorsiflexed foot 
but possible m the plantar flexed, 
when the narrow posterior portion 
is engaged in the tibial mortice 
These are the onty movements 
occurring at the ankle joint, mver 
sion and eversion of the heel tako 
place at the sub taloid (sub astra 
galiod) joint, while inversion and 
eversion of the forefoot aie usually 
combined with adduction and a’oduc 
tion and take place at the mtertarsal 
and tarso metatarsal joints 

In 4 per cunt of case*, however 
the fibular collateral ligament is 
unusualty lax and on inversion of 
the foot the talus twists in the 


radiograph (see Fig 466) tibio fibular mortice This must 


bo borne m mind in examination 


of ankle* under inversion stmin fo determine the degree of ligamentous 
damage pn*ent 

The ankle joint depends on its stability on tho strong bon> inoitico sup 
ported by tho collateral ligaments of the ankle Tho ankle joint is weakest 
anterior!} and posteriori} , and it is through these weak meas that dislocation , 
of the talus most common!} occurs As the grip of the mortice on the talus 4 
is onty relaxed in plantar flexion it follows that it is onty m this position 
that complete dislocation of the talus can occur without fracturo of the ankle 
Incomplete dislocation of the talus is not uncommon mid its dcgj<.< i* the 
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rtall} important feature m lesions in thoonklo legion, ns it is the true measure 
of tlio amount of damage done 

Tho range of movement of tho ankle joint is surprisingly limited Dorsi- 
flexion and plantar flexion of tho foot tako place thiough an arc of -10 d< grees, 
the appircntl) greater range being due to additional movement at tho tarsal 
joints Of particular importance m tho study of tlio lesions of tlio auklo is 
the tibiofibular syndesmosis Ibis joint unpat ts an elasticity to tho inert ico 
which would otherwise Imj lacking If tho tibio fibular mortice h firmlv 
closed bv a sciew passing across it, dorsiflexion of tlio foot will bo prevented 
Tlicro aro tluco chief ligaments rt sponsible for maintaining tho apposition of 
the fibula and thej aro unjiortunt as on tho scquenco of their rupture, and 



* IG 5oG The ligaments of tho tibio fibular mlcsmosis seen from the lateral 
aspect — 

A /interior tibio fibular ligament 
B Posterior tibio fibular ligament 
C /interior talo fibular ligament 
D Posterior talo fibular ligament 
E Calcaneo fibular ligament 

i tlie ligament ruptuied, the manj variations of fractute of tho fibula depond 

lu- ligaments are — 

I Tho antenor tibio fibula This js a short and sttong ligament which 

ins fiom tho antenor tubeiclo of tho tibia to tlio anterioi aspect of the 

ua ^ permits tlio two millimeter upward and backwaid movement 

present 

- Tlio posterior tibio fibular ligament This is a longer ligament spreading 
» ° ut 0,1 t * i * * * * * * * * io back of tho posterior tibial tubercle, and which is slacker than tlio 
anterior Part of tho ligament deepens tho mortice, and is known as tho 

I I * ma bcolar ligament Division of the anterior ligament allows tho tibia 

° b '-l >ara ted from tho fibula for ono ccntimetie, tho condition often present 

in uiastasis 
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3 The interrosseoua membrane This is ruptured in its lower portion in 
a few casos where the anterior ligament is tom It can onlj bo ruptured 
completely if the anterior and posterior ligaments aro tom 

It is important to note the fact that the axis of movement of the ankle and 
the bi malleolar axis make an angle of 30 degiees with each other (Fig 555), 
and that if the tibio fibular joint is to be accurately seen the foot must bo 



Fio 557 The ligaments of the ankle from behind — 

A Commencement of the interosseous membrane 
B Posterior tibio fibular ligament 

C Transverse ligament of the ankle joint — a continuation of the 
posterior tibio fibular ligament deepening the tibial surface for 
the talus 

D Posterior talo fibular ligament 
E Calcaneo fibular ligament 

F Posterior talo tibial ligament | 2nd and 3rd parts of deltoid 
G Calcaneo tibial band } ligament 

turned inwards for 30 degrees so that tho bi malleolar axis i& parallel with 
the plate 

It is also important to note that the anterior tubercle of the tibia is alwaj s 
the more prominent tubercle in the radiograph though it gives the impression 
to casual inspection ol lying behind tho fibula (Fig 466) 

Introductory The lesions occurring around the ankle joint are 
simple in origin though complex in variety An understanding of 
the mechanism makes the appreciation of the large v anetj of lesions 
met with fairly easy, and is well worth the trouble spent It will be 
found that the forces occurring can be resolved into four mam 
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gioups, though most often otuniing m combination These are 
n;(i) External rotation, (2) .Abduction, (!) Adduction, (4) Compres- 
sion The lesions following the application of theso foices follow i 
pattern due to the sequence of ligamentous rupture, or the yielding 
of the m illeali 

The serious consequences of «uiklo injury uio dependent, firstly, 
on damage to the weight bearing portion of the ankle, and, secondly, 
on ligamentous injury It is cxticmcly important to bear m mind 
the fact that ligamentous injur} may occur without bone damage 
In an} case in which the degice of bruising is disproportionate to the 
radiological cudcnco of damage ligamentous lesions must bo ex- 
cluded It is thcicforc neccssar} to examine all such cases radio- 
graplncall} under strain to test for separation of bone surfaces 
(Fig 538) This is best done under pentothdl anesthesia and com- 
" pansion with the op|>osite side should not be neglected It has been 
mentioned already that 4 per cent of patients will show some twist 
of the talus in the tibio fibular mortice m both ankles (hypermobile 
ankles) 

The strains usuall} emplo} ed are — 

1 Adduction strain Rupture of the fibular collateral ligament 

2 Abduction strain Rupture of the deltoid ligament 

3 External rotation strain Rupture of the anterior tibio 
fibular ligament and diastasis 

4 Plantar flexion Rupture of the anterior fasiculi of both 
collateral ligaments, and diastasis 

Fractures of the Lower End of the Tibia and Fibula 
| 1 Supra-malleolar injuries 

2 Separation of the lower tibial epiphysis 

3 External rotation fractures of the ankle, first, second and 
third degree (with diastasis) 

4 Abduction fractures of the ankle Fir&t, second and third 
degree (with diastasis) 

5 Adduction fractures of the ankle First, second and third 
degree (no diastasis) 

6 Ligament traction (spram) fractures (no diastasis) 

7 Marginal fractures of the lower end of the tibia Anterior 
and posterior 

8 Compression fractures 

Diagnosis Owing to the subcutaneous nature of the bones, 
"withe comparative simplicity of the gross movements at the ankle, 
eaions of the bones can usually be diagnosed with accuracy by 
clinical examination unless the case is seen late when swelling, 
which is often gross, renders any examination difficult This 




Fig 559 Fracture of the lower end of Fig 5G0 The some case after i eduction b} 
the t>bia involving the ankle joint manipulation and fixation in plaster 

due to direct \ lolence 


sw elling is due to \ enous rupture accompanied bj oedema from the 
dependency of the leg, and the preliminary treatment of all cases 
includes elevation of the leg and fixation of the foot till 
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accurate m\ cstigation is possible Routine examination then 
ti includes 

1 Ihslory The accurate details of the accident shed much light 
on the probable fracture 

2 Inspection Deformity is usually present in any serious 
lesion, but bruising may be c\tensi\e m the absence of severe injury 
Abrasions should be noted, particularly as regards their site 

3 Palpation This may reveal bony irregularities, crepitus, and 
particularly areas of deep tenderness 

4 Moiementa In sprain upward pressure on the solo is usually 



ig ot>l Fracture separation of tho lower Fio 5t»2 Tho samo case after reduction 

tibial cpiplijbis Tho posterior dis 
placement of the epiphysis with an 
attached fragment of tho diaphj sis and 
tho fibula h w ell shown 

painless, while in fracture it is usually painful Inversion and 
eversion will produce pain over the injured malleoli Lateral 
movement m the ankle joint may be detected 

The most important examination to be made is a true antero 
posterior and true lateral radiograph of the joint It is possible 
m such films to overlook a “ mixed ” oblique fracture of the fibula 
with no displacement if the fibula is entirely hidden by the tibia 
v llus indicates an oblique film, the fibula lying just behind the 
tibial shadow m the true lateral radiograph (Fig 571) 

Supplementary radiological examinations which may be helpful 
m difficult cises are — 
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(a) Tho bi malleoHi film, wiitcli shows up the sy ndcsmosis, ^ 

giving o\ idcuco of minor degiccs of diastasis j 

(b) Radiographs undci strain, picviomdy mentioned 

(c) A radiograph of tho opposite ankle in inversion, to exclude 
the hyjicrmobilo ankle, ncccssaiy in casts which uc clinically 
liypcrmobdo 

(d) A radiograph of thq upper end of the libul i to exclude fracture 
of the neck us&ocntcd uith ruptuio of tho anterior tibiofibular 
ligament (Maisonneuv o’s frnctmc) (X’ig l>09) 

Supra-malleolar fractures .Such fractures ire the result of 



b ia ot»3 Unev cn growth of tho tibial opiphj ^is after ft fracture of teco 
degree adduction type There has been a \ ertical fracture of ti*w 
intdial malleolus and a sprain fracture of tho tip of the fibula which 
has failed to unite 

direct violence in adults, but m children they are often due to 
indirect violence In these casc« the relationship of the bony 
points around tho ankle will be normal unless the fracture has run 
down into the joint, and abnormal mobility will be elicited above 
the joint level If the joint surfaces are not involved the outlook! 
is good, as it is easier at tins level to restore the correct alignment 
of the leg Union is rapid Frequently the fracture line is oblique, 
but in spite of this reduction by manipulation and retention by 
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plaster vlone is possible Occasionally one has to use skeletal 
' traction through the cilcnneus For further details of treatment 
the chapter on fiactuics of the tibia should bo consulted 

Separation of the lower tibial cpiph>$is Complete or incomplete 
separations are not uncommon m childicn occurnng up to the age 
of sixteen jenrs Usually a wedge shaped portion of the diaphysis 
accompanies the epiphjscal fngment The common directions of 
displacement arc medial, iiutciior uid posterior The presence of 
- the fibula pi events lateral 
displacement, though this 



may occur if accompanied by 
fracture of the fibula 

Manipulative reduction is 
usually simple, the epiphysis 



Fig 564 Reduction of a posterior dia *io 5G5 The epiph> seal 

placement of the lower tibial lino at the lower end of 

epiphysis o\ er a padded wedge the tibia showing how it 

is m\ol\ed m adduction 
fractures and the medial 
malleolus which may 
leud to premature synO', 
to^is wheio the frartuie 
c tosses tho epiphyseal 
plate 


hemg forced back m the appropriate direction by the jiressure of the 
palm In posterior displacements (Fig 5G 1 ) it is often easiest to turn 
the patient over on his face and reduce the deformity over a w edge 
(lug G64) After reduction a plaster slab is apphed and control 
radiographs taken If these are satisfactory, as soon as swelling has 
subsided a walking plaster is apphed Union is firm m six weeks 
On rare occasions the epiphysis may be fractured m tho centre 
► from compression violence There is little separation as a rule, and 
the treatment is similar With severe adduction stram the medial 
malleolus may be separated from the epiphysis, often taking a small 
metaphj seal chip with it The lesion resembles a first degree 
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adduction fracfcuic and if displaced is treated m the same. manner 
(Fig 3 f )5) 

Interference with growth rare!} follows this fracture but may 
occur (Fig '363) It is more common follow mg compression lesions 
of the epiph} sis In t tch case the mechanism is the same, premature 
synostosis of both sides of the jdato occurring at the site of fracture 
and restricting growth at tins area 

FRACTURES AND FRACTURE DISLOCATIONS OF THE ANKLE 

It is an interesting fact that in spit< of set eral aufchontativ e articles 
on these fractures, the types and mechanism are still, if not ill- 
understood, at least badl} described in most te\tboohs on tho 
subject (thee note below ) Authors are content to describe abduction 
(fibula flexion) and adduction (tibial floxion) injuries, but do not 
distinguish tho injuries due to external rotation of tho foot They 
are usually discussed together with abduction legions as the mechan- 
isms are sometimes combined There are, howc\cr, a senes of 
well-rccogni^ed lesions duo to external rotation alone, and their 
recognition is essential to the appreciation of the mechanism of all 
other lesions Tho multiplicity of lesions possible has perhaps 
daunted the student and so prevented the true appreciation of their 
mechanism, but it wall bo seen that all lesions aro capable of 
comparatively simple grouping 

Tho injury in tho majority of cases is duo to forced external 
rotation of the foot, or, what amounts to tho same tiling, internal 
rotation of the tibia on tho fixed foot Forced abduction and 
forced adduction arc of less frequent occurrence Internal rotation 
of the foot can bo neglected as a separate mechanism, as on tho 
application of internal rotation force tho foot passes into adduction 
Tins is favoured by the mechanical construction of the ankle and 
the slope of the metatarsals Strong external rotation, however, 
turns the foot into a rigid lever, and if to this movement is added 
dorsiflexion, the foot tends to pass into an abducted position These 
points can be verified by anyone on their ow n foot This tendency 
of the dorsiflexed foot to pass into abduction accounts m part for 
the combined lesions which are seen In 70 per cent of all eases, 
however, the mechanism is one of external rotation alone, and m 13 
per cent of all cases of ankle mjurx the lesion is a “ mixed oblique ” 
(see note below) or first degree external rotation fracture 

Fractures and fracture dislocations will therefore be discussed 
under the following grouping 

fractures of the ankle are commonly lumped together under the 

me of Pott’s fracture ’ or Dupytxen s fracture * Unfortunately both 
f, a 0 ik«d without the aid of radiography and both described v 

tiicso mou > 
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fiactmv which it is difficult to ncogiuMj to day iw they did not give sufficient 
t | L tnil of tho ligamentous i upturn uoconi|umy mg it f lhe commonest fracture 
of tho anljo winch both Pott ami Dupytreu thought thoy wcio describing 
w tho first dcgieo external rotation friu-turc, first accurately described by 
MaibOiuitmo in 1810 llisnnnio, which should ho perpetuated in tno namo 
of this fneture, is attached to tho rarer torsional fructuro of tho fibula 
just below tho head, for which a preliminary tibio fibular diastasis is 
necessary 

Tho term "mixed oblique ” fracture for this first degree external rotation 
lesion has been corned by Dcstot It is called “ mixed ” because tho fibula 
is involved both above and bilow the tihio fibula! syndesmosis 


FRACTURES IN WHICH THE TIBIO-FIBULAR SYNDESMOSIS 
REMAINS INTACT 

Fractures by External Rotation 

1 First degree Mixed oblique " fracturo of the fibula 

2 Second, degree “ Mixed obhquo ” fracture of tho fibula together irith 

(а) Rupture of tho deltoid ligament 

(б) Fracture of tho medial malleolus 

’1 Third degree Either second degree lesion together with fracture of 
tho posterior articular margin of tho tibia ( Ttetho\ran s third malleolus) 

Fractures by Abduction Fibular flexion 

1 First degree Transverse fiacture of tho medial malleolus only As 
a variant rupture of tho deltoid ligament 

2 Second degree Fracturo of tho medial mulleolus or rupture of the 
deltoid together with 

Fracturo of tho fibula below tho tibio fibular ligaments (Bi malleolar 
fracture) 

3 Third degree Any second degree lesion associated with a fracturo of 
tho posterior margin of the tibia 


Fractures by Adduction Tihial flexion 

1 Tirst degree Transverse fracture of tho lateral malleolus below the 
tibio fibular syndesmosis 

Vertical linear fracture of tho medial malleolus 

2 Second degree Roth first degico lesions together with some or no 
displacement (Bi malleolar fiacture) 

3 Third degree Second degree lesion together with fracturo of the 
posterior margm of the tibia 


Fractures by Compression 

Anterior marginal fractures 

T and Y shaped fractures and comminuted fractures 
Posterior marginal fractures (fiethowan’s thud malleolus) distinct from 
mittures of the posterior tubeicle 
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FRACTURES IN WHICH THE SYNDESMOSIS YIELDS 
COMPLETELY OR IN PART (DIASTASIS) 

Tho tin cl ligament* holding tho fibula to tlio tibia maj yitld hingl} or m 
combination llioj mo only ruptured by external relation. or abduction 
violuico, and tho ligaments injured can bo iloduce'd from tho fracture 

I Fii-bt degitu Rupture of tho anterior tibio fibular ligament, with 
fmeturo of tho fibula high up, below tho nock plaisoimum/i. fracture (Fig 
009) 

3 Second degree Rupture of tho anterior ligament and tho mteios^ous 
membrane, with a tincture of tho fibula 2J inches above tho malleolus 
(Dupuy Iron’s fracture) (Fig 012) 

3 Third degree Rupture of anterior iuid i>ostenor ligaments and of tho 
mtcrobboouh membrane, with fmeturo of tho shaft of tho fibula high tip and 
wide sopaiatiou of tho syndesmosis (Fig Glo) 

4 Fracture of tho postoiior tubercle of tbo tibia Hus amounts to a 
detachment of tho posterior tibio fibular Iigumout, but is duo to external 
rotation combined with plantar flexion I-rocture of tho fibula may occur 
aboxo tho syndesmosis duo to rotation of tho lower end of tho fibula around 
tho intact anterior tibio fibular ligament Displacement is small duo to tho 
intact interosseous membrane (Figs 008 Oil) 

Tins classification is based on mechanism, but fits m with the 
radiological and anatomo pathological classification It is bached 
by tbe experiments on tbo cadaver carried out as long ago as IS77 
by Homgschmied, and tho three degrees of injury run parallel to 
the seventy of the damage, the treatment and tho prognosis, besides 
showing a similanty from group to group 

First degree external rotation injury Tbe conversion of the foot 
into a ngid lever by external rotation results in a twisting of the talus 
m the mortice of the tibio-fibular syndesmosis Mechanical prin- 
ciples determine that the strain will fall on tho anterior margin of 
the fibular malleolus to a maximal extent This push on the anterior 
margin of tho fibula is supplemented by the pull on tho posterior 
inargm or the postenor talo fibular ligament These combined 
forces produce a torsion strain on the loner end of tho fibula, which 
is attached most firmly to the tibia by tho anterior tibio-fibular 
ligament As a result the fibula snaps in a characteristic manner 
A torsional fracture is produced (Fig -758), which is obviously 
spiral, or else oblique and runs from tho posterior surface of tho 
fibula downwards and forwards to end on the anterior aspect of the 
lateral melleolus just below the level of the loner tibial articular 
surface This course leaves the anterior tibio fibular ligament intact, 
which unites the sharp end of the proximal fragment to the tibia 
The fracture line thus runs obliquely between the anterior and 
posterior tibio fibular ligaments, being extra capsular abov e andmtra- 
capsular below (hence the term Mixed Oblique fracture) It will be 
noted that the talus remains attached to the loner end of the fibula 
and that this is attached to the tibia by the posterior tibio fibular 


fractures of lower end of tibia AND FIISUL \ >11 

ligament Tim allou s a .small ■ mgo of mov emcut depending on tin. 
'damage to surrounding soft tissues, and it is obvious that if the 


•“O 

1 10 r i(C AP diagram of a first 
degroo external rotation frac 
turo { * mixed oblique ’) of tlie 
fibula 

A Shading indicating piano 
of fracture 

B Shadow of anterior tuber 
osity 

C Shadow of posterior tuber 
Ooity 



b ia 5b7 Lateral \ low of 

a first degreo oxtemnl 
rotation fracture 
A Attachment of 
anterior tibio fibular 
ligament (sometimes 
pulled out forming 
Tilleaux’s third frag 
ment) 

B The strong posterior 
talo fibular ligament 



Fio 068 Mixed obliquo Fio 56'J Section of big bxo 570 Section of Fig 5b8 at 
fracture of the fibula show 568 at A showing Ime B showing tho mechanism of 

mg the ligamentous attach of fracture of the fracture Tho pressuro of the 

merits to tho fragments fibula between tho talus at A and tho pull of tho 

anterior and posterior posterior talo fibular liga 

tibio fibular ligaments ment at B develop a 
couple acting on tho 

t low er end of the bone 


posterior tibio fibular ligament w as ruptured the condition would be 
similar to that seen in a diastasis 
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The degicc of damage done depends on whether the force ceases 
to act iftei the fibula inis snapped \Yc may thus get — } 

1 Subperiosteal spnal frictuu. with no disnJ tcunent 

2 A fi lcturc with modciate displ lccmcnt (Fig >71 ) 

J A fractuio in winch tiiere has heui m irked displacement 
probably spontaneously reduced, but indicated by tiie signs of 
damage to the interior fibres of 
tin deltoid on the opposite side of 
the ankle (1'ig 372) 

Treatment The displacement of 
the fragments m this first degiee 
lesion is, is a rule, minima], indi- 
cating til it tin periosteal sheath of 
the fibula is probibly intact, ana\ 
tin mccbamcs of the ankle will be' 
little, disturbed The weight- 
bearmg capability of the joint is 
undimmished, and consequently 
the fracture cm be treated in a 
number of cases by <a supporting 
bandage, it being sufficient to 
avoid further external rotational 
strain 

Locil tsiiiEsn This is 
pnmanly directed to tlio relict of 
pain, and satisfactory Jesuits will 
be obtained by the immediate 
injection of the fracture line with] 
local an esthetic, bandaging, and; 
the early use of tlu* limb The 
pain of the mjtuy having been 
ieheved by local anaesthesia, the 
next essential is the prevention 
of swelling bv film bandagmg of 
the ankle over cotton wool, and 
elex ation of the bmb Immediate strapping vv ith elastoplast is often 
painful as it does not expand sufficiently to accommodate the 
amount of swelling which m iv occur The most essential part of the 
treatment is the encouragement of the patient to exercise the ankle 
afttr the pain has been abolished Without this the value of the 
injection is problematical Farlv radiant heat and massage should^ 
be given, and. if the pain is not completeh rehev ed a further injection 
should be given (10-20 c cs 1 or 2 per cent norocame) According 
to the amount of pain, the degree of swelling present and the 



Pig ,71 Pirst decree c\UmuJ 
rotation fracture Jlui firui tore 
n tvpical but differs fioiu fin 
more common^ s.m lesion in 
that the fractuie line is unusiialJ\ 
oblique and there is mole 
separation of the fractured sur 
faces Ihe VP film shows no 
diastasis and no di placement 
{Compare with Pip n»7 ) 
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The degree of damage done depeuds on whether the force ceases, 
to act iftu the iibnh has snapped Wc may thus get — } 

1 .Subperiosteal spit il fracture with no disul u. uncut 

2 Afi ittme with moderate displ uunuit (Fig >71) 

*1 A fricturo rn which there Ins been marked di&phccmciit 
probably spontaneously reduced, but indicated b\ the signs of 
damage to the anterior hbres of 
the deltoid on the opposite side of 
the ankle (Fig 57 2) 

Treatment Tlic duplaccmcntof 
the fragments m this first degree 
lesion is, as a rule, minimal, null 
eating tli it the periosteal sheath of 
the hbuU is probibly intact, ano\ 
the mechanic* of the ankle mil be' 
little disturbed The weight 
bearing capability of the joint is 
undimmishcd, and consequently 
the fracture can be treated m a 
number of cases by a supporting 
bandage, it being sufficient to 
av old further external rotational 
strain 

Locix. an LsiJirsn This i<j 
primarily directed to the rebel of 
pam, and satisfactory' results will 
be obtained by the immediate 
injection of tlic fiactuic line witli\ 
local in esthetic, bandaging, andT 
the early use of tlio limb The 
pain of the injury having been 
relieved by loci! anaesthesia, the 
next essential is the prevention 
of swelling by firm bandaging of 
the ankle over cotton wool, and 
ele\ atron of the limb Immediate strapping w ith elastoplast is often 
painful as it does not cxpmd sufficiently to accommodate the 
amount of swelling which may occur The most essential part of the 
treatment is the encouragement of the patient to exercise the ankle 
after the pam has been abolished Without this the value of the 
injection is problematical Early radiant heat and massage shouh^ 
be given, and if the pain is not completely relieved a further injection 
should be given (10-20 c cs 1 or 2 per cent novocaine) According 
to the amount of pam, the degree of swelling present, ind the 
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j .71 >ir t thj.no o\t« mal 
rotation fiaeturo lini fiat tuio 
i3 typical but differs from the 

i note commonly ecu lesion m 

that tlio fiat tun lint i unmtiuliv 
oblique ami there i- moie 
separation of the fiactuied Nur 
facts Iho A 1* him shun* no 
ihastaMa and no diipla foment 
(Compare with h ijz ><»7 ) 
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weight, ago, mil abilitj of the p itient, a diuuon h m ule at tlio cml 
lof I fen du a is to when weight bearing in a hoot can ho commented 
V Altern line lines of treatment irt i light plaster milking east or 
use of ill Unni s piste stoehmg ifter swelling has suhsuleil Both 
these methods fill to get nil of the oedema and swelling so rapidly 
as no\ online injection anil e irly exercises 

Where the displ iccment h is lieen marked as indie itcil hj sw oiling, 
h-unorrli ige, uni possibly peisistcnec of defoinnty in the radio 
gripli, the inkle is not stiblc mil is unsuitable foi carl} weight 
beirmg mil exeruscs \n injection of noxoeuno cm be gaen to 
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reduce pam and enable massage to bo given, but the ankle will need 
support in a posterior gutter splint, and as soon as spelling lias 
subsided should be put m a short walking plaster foi tlueo weeks 
At the end of this period some rehabilitation will be required and a 
crepe bandage will be necessary to control the cedcma around the 
an e The use of an Unna’s paste stocking makes massage impos- 
S rn, th0U S h < l uitc satisfactory in the jounger case 

ic prognose in this type of case is excellent Alan) mild cases 
vi >e wa mg well at the end of the first week In the more 
serious group six weeks may elapse before lecovery takes place 
omp c c,\ There should be no persistent dis vbihty 

Second degree external rotation injury A With rupture of the 
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deltoid (tibial collateral) ligament B Associated with fracture of , 
the medial malleolus / 

In these cases the deforming force Ins continued to act after the 
torsion fracture of the fibula lias occurred, and the displacement of 
the talus moving with the loner fibul i fragment puts strain on the 
deltoid ligament, which ruptures or more common),) fractures the 



Fio J7H hirst do 
greo external rota 
tion fracture? of tho 
fibula ULCOmpniucd 
bj rupture of tlio 
attachment of tlio 
deltoid ligament — 
tlio equivalent of a 
second degree in 
jury Ivoto the 
ligament si pa paten 
at its periosteal 
attachment 



hie r iVJ Second degree external rotation 
fracture A mixed oblique fracture of tho 
fibula complicated by rupture of tho deltoid 
and displacement of tho talus There is 
i partial diastasis present duo to ruptuie of 
the po-tenor tibio fibular ligament \ 


medial malleolus bj traction leaving a transverse fracture hne 
(Fig 576) 

Further displacement may result m the rupture of the posterior 
tibio fibular ligament (Fig 579) and a partial diastasis, which permits 
further outward displacement With this degree of deformity and 
displacement of the talus it 19 obvious that the lateral stability of 
the ankle is destroyed, though the weight-bearing surfaces are stilly 
intact The fracture must accordingly be treated more carefully 
to obtain a perfect result and to avoid ^displacement from too 
early weight bearing, or too loose a plastei 
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Treatment Difficulty is again encountered from swelling 
ft Inch often necessitates sc\cral plasters beforo a firm close fitting 
walking plaster cm bo applied When first seen the fracture is 
tcadily enough icduccd by inampul ition, which on account of tho 
intact talo fibular ligament, and tho small overhanging fragment 
of the mcdiil malleolus, cannot be o\cr reduced by strong medial 
pressure applied to the outside of the foot, w ith counter pressure 
by the hand on the medial aspect of the tibia Ciro must be 
taken that tho force applied mo\es the whole talus across, and 
does not merely nrvert the ankle A plaster retaining slab is then 
applied to encircle the foot and leg for two thirds of its circum- 
ference, holding the fracture reduced, and tho foot m dorsifle\ion and 
unrotated This is held m position with a gauze bandage, and tho 
■controlling manipulation contmued till tho plaster has set Tho 
'foot is then cle\ ated on a Braun’s splint, and control radiographs 
taken Should the position be unsatisfactory the ankle is remampu- 
luted, if local anaisthesia has been used, preferably before this has 
worn off Once satisfactory reduction is obtained, the leg is 
carefully watched, and, if necessary replastered, till swelling has 
subsided sufficiently for a close fitting skin tight walking plaster 
to be applied Tins is usually about the end of the second week 
After the patient has walked in the plaster cast for a few days a 
control radiograph is taken through the plaster to see if redisplace- 
raent has occurred The tendency most frequently seen is for the 
talus to become e\erted, so that some inversion of the heel in 
applying the plaster is no disadvantage, but the foot must be 
at right angles to the leg, and unrotated Any tendency to 
redisplace in the plaster demands further rest, reduction and plaster 
/ With injuries of tins seventy the plaster must bo worn for some six 
to eight weeks from the date of tho accident, and its removal will 
need to be follow ed by an elastic stocking, elastoplast or Unna’s paste 
stocking for two to three weeks, during which time exercises arc 
encouraged At the end of this time free full movement of the ankle 
should be possible After the removal of the plaster it is an advan- 
tage to gi\o the patient a valgus insole to wear for a few months 
till the normal muscle tone of tho leg has returned 

Third degree external rotation injury The continuation of the 
force separates tho posterior aspect of tho lower tibia! articulai 
surface (Trethow an’s third malleolus) This lesion is occasionally 
seen alone (Fig 617) when there is no displacement of the foot 
backwards, and is then due to compression injury In tho tlurd 
* egree rotation fracture the lesion is duo to a combination of com- 
pression injury, and a backward resultant force developed by the 
rotation of the cylindrical upper surface of the talus on the curved 
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Jon cr surface of the tibia Tho fracturo lino runs v crticall> from tho 
ankle joint to tho posterior surface of tho tibia, and a variable 
area of tho articular surface may bo involved The lower fibular 
fragment invariably moves with tho detached tibnl fragment owing 
to tho strength of the posterior tibio fibular ligament, and the 
talus also moves backwards with tho fibula because of tho unbroken 
tab fibular ligament {Fig 587) In 2o per cent of cases the fracture 
is present without displacement, consequently it is considered that 



I '10 580 Third degree cx 
tcrnal rotation fracturo — 
long oblique fracture of 
fibula ^oto oblique and 
involvement of tho an 
tenor surface of the tibia 
in the fracturo of tho 
media] malleolus char 
actcristic external rota 
tion fracture of tins 
process 



iio 581 A third degree 
external rotation frac 
lure of the ankle after 
reduction showing frac 
ture of tho posterior 
tibia] tubercle Com 
pare with the more 
serious third degree 
lesion >n which the 
articular surface is in 
vohed in a posterior 
marginal fracturo (hig 
5S7) 
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displacement when present is due to tho continuation of the 
injuring force 

Posterior marginal fracture The posterior marginal fracture 
which characterises a third degree lesion, and allows backward and 
upward displacement of the talus, has to be carefully distinguished 
from fractures of the posterior tubercle of the tibia A much 
smaller fragment of tibia is mvoh ed in this case corresponding to 
the posterior wall of the groove m which the fibula lies and tho 
attachment of the posterior tibio fibular ligament (fig 581) It ir^ 
a much less serious lesion, as the articular surface is barelj involved, 
uuZ the shallow cun e of the lower surface of the tibia remains mtact 
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Tint posterior nnigiml fiactuics arc due to a combination of 
compression and rotation of the talus under piessuie can be seen 
from the fact that they are most commonly associated with external 
rotation fricturcs and seldom with abduction fractures, while with 
adduction fractures the} arc extremely rire 

Tre vtmj-nt The most important feature of this lesion is the 
destruction of the weight bearing ability of the ankle, which remains 
intact m first and second degree lesions The degree of interference 
with weight bearmg wall depend on tho area of posterior articular 
surface detached, so that tho seriousness of the condition is deter- 
mrned bj the position in which tho vertical fracture line enters tho 
joint If the fracture claps off only a small area from the posterior 
aspect of tho joint, leaving the greater p irt of the curve of the low er 
articular surface of the tibia intact, then the interference with 
weight bearing is minimal {Fig 
581) If, on tho other hand, the 
fracture line enters the joint at 
the summit of this curve, then the 
stability of the jomt wall be com- 
pletely lost, and tho fracture line 
wall be m a position where it is 
subject to maximum pressure in 
weight bearmg, and so wall be 
more likely to give rise to a later 
traumatic arthritis (Fig 586) 

Accuracy of reduction of tins 
fragment is therefore very impor- 
tant, and in certain cases will 
* justify the opening up of the fracture and pegging the fragment m 
place In 25 per cent of cases there is no displacement to reduce, 
and it suffices to treat these as second degree lesions, but weight 
bearing must be deferred in accordance w ith the degree of destruc- 
tion of joint stability 

In the cases in which a large fragment is displaced (Fig 586), 
one of the following methods is adopted 

1 Reduction and plaster by Robert Jones’ method 

2 Reduction and plaster under skeletal traction 

3 Open operation 

Robert Jones’ method This is a simple and effective method 
useful when working single handed and when no apparatus is 
available The patient lies with the injured limb over the end of 
* io table A shng is tied over the anterior aspect of tho tibia, 
consisting of a strong calico bandage of a length convenient to 

16 under the foot A second similar but shorter sling is now 



Fia 5»2 Appearance of the ankle in 
third digreo lesions with posterior 
dislocation of tho talus — third 
degree external rotation fracture 
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passed under the heel and o\er the surgeon’s neck, so that on 
straightening his hick ho can exert pressure against the heel, the 
counter-traction being applied bj the sling over the tibia (Fig 58J ) 
If a stockmetto sling is placed o\cr the foot and left long the 
patient or an assist uitcan iculily maintain dorsifloxion by traction 
upon it The surgeon’s hands are thus Eft free to control the 



>jg 3S3 rho manual method (Robert Jonei ) of reduction of a third 
digreo fractuio of tho anlvlc Under local anesthesia the patient is 
able to maintain his own dorsifloxion by pulling on the stockinette 
cox ding bis foot By straightening tho back tho iloroaV disloca 
tion is reduced and kept reduced while the two hands are left free 
for olastermg and correcting lateral deformity The bandages are 
cut away after the plaster has set 

lateral displacement A plaster is applied over the bands which 
are cut after it has set 

Skeletal traction By inserting a wire m the calcaneus and 
placing the limb under traction on a Bolder frame tho upward 
displacement of the talus can be controlled The continuous 
distraction leaves the hands free for controlling the lateral displace- 
ments and maint ain s dormflexion It is eonvement to apply the 
plaster over the Kirschner wire, winch is later withdrawn In 
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flesh c.iset, the pl.istu is split iluivn .it mux, ol a posterior plaster 
si ib inav be applied folloutd bj a long U shaped slab on the sides 
of the limb to control Intel il movements Tills leaves an unphs- 
tered arei for expansion The Kirsehner vviro is left m position 
and a weight of 7 to 10 lbs attichcd to it This weight serves to 
separate the joint surfaces The pin aids m retention and is con- 
V enicnt if further manipulation or plaster is needed It is remov ed 
when the walking plaster is applied Tills usuilly cannot bo done 
till a period of four to five weeks has elapsed, if the stability of tho 
joint is destroyed, though tlicro is no objection to tho p itieilt getting 
about on crutches The usual ptecautions with regard to swelling 
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hio i8> The more com 
mon \anotj of second 
degreo abduction frac 
ture (One \anety of 
himnlleolar fracture ) 



bio 5bb A third 
degieo abduction 
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indiogiaph 


and oedema are taken 'with redoubled care A walking plaster will 
need to be worn a further four to five weeks, malting a total period 
of disability in tho worst cases of twelve weeks, followed by a period 
of re education m which tlio limb is first put in strapping for three 
weeks and then freely exercised without the strapping 

Operative imerfeiifnci- It is usual for manipulative 
methods to fail, uid in a number of cases it will bo necessary; 
to operate to obtain satisfactory reposition of the posterior fragment 
posterior approach is used and the fragment screwed into place 
* omplete \ isualisation of the fractuie may be difficult, but if the 
upin-r margin can be seen and replaced the sciew wiU close tho 
°" cr fracturo line in the joint Radiological control at opeiation 
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may be used conveniently It is possible to replace tlie fragment 
through a posteno medial incision uheic more caic must be used on 
recount of the posterior tibial vessels and nuves, and this approach 
mi} be conveniently used when it is ncccssiry to h\ the medial 
malleolus at tlie same time The 



Fia 3S7 Third degree external rolution 

fracture Note the po^enor di» 
placement of tlie talus to which tho 
fibula has remained uttuc lied ^Tho 
fibula shows a rotational fracture 
with a small trian^lo of bone 
separated The medial malleolus 
is intact indicating rupture of tho 
deltoid ligament Tibio fibular 
diastasis has of course oc curred 


after treatment is th it of frac- 
tures reduced by manipulation 
Prognosis This is governed 
by tho degree of ligamentous 
damage, tho age of tlie patient, 
and the size of the displaced 
posterior fragment, together w ith 



I iq 7ss Second choice abduction 
fiucturo of the ankle 


its response to attempts at reposition If tlie fracture line runs 
high across the joint it is inevitable that there will be some 
dysfunction and the later development of traumatic arthritis 

Abduction fractures of the ankle First degree Fracture of* 
the medial fnalleolus only (Rarely rupture of the deltoid ligament ) 
Second dfgbee Fracture of the medial malleolus or tear of the 
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589 \ P radiograph of a first 

egree abduction fiacturo of tho ankle 
,ote the almost trana\er=.o lino of 
racture 



tic 590 Lateral \ic\v of bfline caso 
Xoto that tlie displacement which 
appears minimal in the A P \iew is 
marked in this % lew 



hto j'Jl Same case fixed with a single screw 

-s.»vv.ivl w ith fracture of the fibula below the tibio-fibular syndesmosis 
(Bi malleolar fracture) (Fig 588) 

Third degree Any second degree lesion plus fracture of tho 
posterior margin of the tibia 

The meclumsm of abduction fractures is straightforward, and 
nt has only to be remembered that this movement may be combined 
with external rotation, producing a combined lesion Strain by 
abduction first impo^d on the deltoid ligament, which may yield, 
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but it oia commonly tears away tho mednl malleolus producing a 
trmxveisc fnctuio line The more external rotation is combined Y 
with abduction the more oblique tlio fracture hue Tim corresponds ^ 
to the first degree, lesion, and the torn deltoid maj be oicrlooked if 
m suspicious c ises tin. foot is not X r«i$ cd in im ersion 

When either of these lesions luuc* occurred the strun now falK 
on the inner aspect of the fibul vr m Ulcolus, and the resultant frac 
turc wdl depend on whether tho tibio-hbular syndesmosis gi\e» 
waj If it yields then the fibul i fractures bj flcMon aboxc the 
joint Ioxcl If it icmains mt vet then the hbulv Miap-. olf below 
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the joint lead, piuducmg a bi malleolar fracture The lesion 
associated with diastasis and flexion fracture of the fibula 
above the joint is that most nearly akin to tho lesion described by 
Pott 

In the third degree lesion theie is an associated fracture of the 
posterior asptet of the tibia due to compression 

TbeaTjIFNT The treatment runs parallel to that of tho 
corresponding external rotation lesions. The displacement bung . 
outward is corrected by forcing the foot medially on the fixed'* 
tibia Care must be taken that the foot is moved across, and 
not merely imerted The length of immobilisation, prognosis, and 



l?li UU'UREh OF LOU BR BN l> OB TIBIA AMJ FIBULA j'.3 

after treatment n that of the coricsponduig eiteru «1 rotation 

legion 

Fracture of the Medial Malleolus Thn frietuu. is njit to fail to 
mute met lemon a iietmateiit smme of ibscomfort Jfe is particu- 
1 irlj the trins\cr-i> fi ictiue due to abduction which is liable to tins 
complication riliieh is ituo to t!io inclusion of soft tissue betiteen tbo 
fracture surfaces (tog yi») Where close apposition of the medial 
malleolus cannot 1 >l otitamed tij Iiiampulation, open operation 
should ho earned out mil the fragment pegged into plate (Fig Ml) 
or screwed Ecposure and technupto are cas} Tile higher the 
fracture md the more oblique the ,111m o hholj the fracture is to 
mute w ithout operation In the aciUcat fricturo due to adduction, 




fcio 530 spiral oblifjuo 
fractm tt of the medial 
malleolus doe to a com 
bmation of abduction 
and external rotation 
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operation is never netessaiy because of the nsk of non union, though 
it may be desirable on account of the displacement 

Fractures of the lower end of the fibula ab&ociatcd with abduction 
md adduction injuries For details of the Fractures u hen diastasis 
occurs p ">30 must bo consulted When the intei osseous ligaments 
hold the fibula snaps transversely through the syndesmosis In 
idductiou injuries it i* broken just below lev el of the tibia! surface by 
bt*mg bent over the lower margin of the tibia In abduction injuries 
the fracture is a little higher, and if the lowci portions of the anterior 
% lienor ligaments tear it may be above the level of the tihial 
articular surface It lemams, however irregularly transverse 
although m the majonty of cases induction of the malleolus is 
satisfacton there are a small group of cases in vv Inch, UUc the medial 
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malleolus, a satisfietoi> position is not achieved due probably to 
the interposition of soft tissue Non union may occur and if main- 



firstdegreoad \ancty of ad dcgico adduction graph of a third degree 

ductiou frao ductionfracturo fructuro (Second adduction fracture 

ture iirst occurring w hi 10 tjpoof biraalleo (Compaio Fig 003) 

\anct> t ho weight fulls lar fracture) 

on the medial (Compare Fig 
malleolus 507 ) 

pulative reduction has failed, and the position is unsatisfactory, open 
operation and pegging of the fibula should be undertaken It is best 




i Fia 003 Thud degree adduction fracture of the ankle 

fibulTfP™ “g™ meduU ‘“y bone graft through the louer end of tire 
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I 1 10 W*4 \n(cio posterior nidio^iiiph of n third degree adduction fructuic 



J<sg Wtl I utLial film of the sumo case t<> show the sepaiatiou of the 
postenor fragment but little displacement 

Adduction fractures of the ankle First dlori e Tiam\cise< 
fracture of the lateral malleolus below the tibio fibuhr ligament 
Vertical linear fracture of the medial malleolus 
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bicoND ui emu- Roth fust clegi to legions together with some 

displacement (Bi malleolar fiactuic ) 

Third dlojul A second degree legion together with frnctuic 
of the posterior margin of the tibia 

In adduction fractures the mechanism is the opposite of the 
abduction lesions, but there is one important valiant Adduction 
first puts strun on the fibula which snaps over the edge of the tibia, 
producing the first degree lesion with little displacement This 
allows strain to fall on the medial malleolus winch fractures from 
pressure on its joint side, characterised by the fiactuic line running 
v erticall} This allow » medial displacement of the ankle as a w hole, 
the second degree legion The third degree lesion is a very raro 
accompaniment of adduction injury It consists, as before, of a 
I combination of the second degree lesion with fracture of the posterior 
* margin of the tibia 

The important variant in this group is the vertical fracture 
of the medial milleolus which occui s alone in man} cases, 
particular!} the young m whom the elasticity of the fibular ligaments 
allows force sufficient to cause fracture to be developed without 
fracturing the lower end of the fibula There is no displacement 
with tins lesion which is classed as a first degree lesion The addi- 
tional possibiht} of rupture of the fibular collateral ligaments 
rcplacmg the fracture of the fibula has to be consideied, but on 
account of the strength of these ligaments its occurrence is of great 
rant} 

Tre\tmej«t This resembles the treatment of the first, second 
and third degree external lotatiou lesions The corrective force on 
the foot must ho never be applied m a lateral direction Owing to 
the position of the fracture of the medial malleolus it is impossible 
to over correct the displacement though deformity mav occur if the 
foot is everted rather than left m the neutral position 

TIBIO-FIBULAR DIASTASIS 

Diastasis of the tibio fibular s}ndesmosis results from either 
external rotation strain or abduction strain, the fonner being the 
more common cause The sepaiation of the two bones vanes 
according to the ligaments which ruptuie, and it is possible to 
recognise three degrees of diastasis 

1 Rupture of the anterior tibio fibular ligament winch is short 
aiultense, or fracture of the anterior tibial tubercle 
, “ Rupture of the anterior and postenoi ligaments 

3 Rupture of the anterior and posterior ligaments and of the 
mtcrosseous membrane 

^ fourth rupture mav be considered here, though the 
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mechanism is not strictly comp liable, tJi it of the ittachment of the 
posterior tibio fibufir ligament, the posterior tihial tubercle uhjcli 
is commonly separated alone, md allows rotation of tlie lower end 
of the fibula around the anterior tibio fibular ligament 

The type and le\el of fibulir fiacturc js determined by the 
sequence and degree of ligamentous rupture md the ligaments 
injured may co$uciscI\ be diagnosed from the fractures present 
Diastasis is shown on the rudiogriph by meieased space between 
the tibia and fibula, and for the correct determination of this it is 
important that the radiograph should show the hi malleolar plane 
(Fig 5 f >‘>) and that ruhographs of both ankles should be av nlable 
for comparison This is necessary as the depth of the groo\e m 



tio 600 Tile radiology of the tjbio 
fibulflr BjndeMno^js If tlio gioove 
is deep tlio central ru> cannot pa»s 
through uninterruptedly Note 
the angle of 30 between the bi 
malleolar axw anil tlio angle of 
movement of the joint 



I- jo 007 Whin the iibjal groove « 
shallow a clear apace can be be*.n 
Tin* may be t>eu» m diastasis and 
mistaken foi separation of the 
bonce 


which the fibula lies vanes It has been stated that it is impossible 
for a gap to exist between the bones radiographically in the normal 
ankle, and that any appearance of gap is an indication of diastasis 
Tins is emphatically not so The only indication of diastasis is 
increased gap in comparison with the opposite side (Figs 606, 607) 
Factors suggesting diastasis may be noted in the ordinary radio 
graph Thus the shadow of the anterior tubercle which normally 
ov erlies the fibula may bareh appear to touch it A more important 
point suggesting the condition is the increase m space between the 
medial malleolus and the medial side of the talus Tins may , howev er, 
be deceptive and produced by external rotation alone 

Diastasis when complete is dramatic, but in itself is a compara--* 
tively harmless lesion, as it does not involve any weight bearing 
surface m a fracture, and with adequate treatment the torn bga 
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meats heal soundlv It is important however in paving the vvaj for 
severe damage to soft tissues and for fracture of the fibula 

Sprain fracture in association with diastasis As a guide to the 
occurrence of diastasis it is import mt to remember that the portion 
of bone to which an\ ligament is attached mn} be avulsed instead of 
the ligament rupturing The significance of such fragments must bo 
recognised The} ire sometimes c died the “ third fragment of 
Tilleiu,” after the man who first emphasised their significance, 
though they weio recognised at the end of the eighteenth century 
The fragments which imj be separated arc — 

1 The whole fibular groove, ic, both antcnor and posterior 
tubercles joined b} tho bone 1} mg between them This permits a 
complete duist vwi (Fig G08) 

) 2 The anterior tubercle alone Tins may indicate a partial or 

1 complete diast isis 

3 Rarelj tho fibula attachment of the anterior tibio-fibular 
ligament is avulsed 

4 The posterior tubercle This ilia} be avulsed, but is commonly 
split off bj the pressure of the fibula on the back of the groove, when 
it occurs alone without displacement from kicks on the outer aspect 
of the fibular malleolus (Fig G08) 

Fractures of the Fibula associated with Diastasis 
1 Maisonneuve’s fracture This is a fracture which is commonly 
overlooked Rupture of the anterior tibio-fibular ligament allows 



1*08 iracturort of tin antcnor and posterior tubercles of the tibia 
gutter of tile fibula — the third fragment 

sufficient rotation strain to be imparted to the shaft of tho fibula for 
it to fracture just below the head of the bone The pressure is 
imparted to the lower end of the fibula by the anterior edge of the 
a us and b} the putt behind of the posterior talo fibular ligament 
The only symptoms maj be local bruising over the anterior 
i io fibular ligament, winch is very tender, and pain over tho upper 
l 1 ! °* ^ le fibula, this may be slight and onlj elicited on pressure 
ie °8 ra ph of the ankle in the normal antero posterior plane is 
uvua > negative, ind it requires either a film m the bi malleolar 
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Pio 009 1 rictuir of 

tho fibula in tin 
upper thud | n 
<h istdeii — Alai oji 
neuvcR fruetiui 
Eithei tho po* 
tenor tubercle (tic 
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or tho anti rioi 
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meiit as m this 
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fibula to fiactiui 
at its ueahest spot 
Tho first device of 
diastasis 


F " »■<> SIo,,on 
jKu\i s fine litre— 
“'bh finctiin of 
tho fibula utcom 
pamed bj ilia 
stasis 


* b }l , H ' eh frfl cturo of 
tlie fibula accompanied b\ 
incline of the posterior 
tibial tubercle 


tieat tins lesion is a slight mcreac.,1 „ u, 

mortice and persistent pain oicr the ant ' dt * the tibiofibular 

To avoid tin, ,t „ neceVan t„ , nmo£ ,“°I tlb *° A^tar- ligament i. 
piaster for four to s,a ueehs A satis^'l,^^^'^ 
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miIj be applied after the swelling has subsided, so that elevation and 
bandaging of the limb is a necessary preliminary for a few days 
Rehabilitation after removal of the plastci is rapid and easy, and no 
disability should persist 

2 Dupuytren's fracture bract lire of the fibula 2^ inches above 
the syndesmosis with ruptuic of the antciior tibio fibulvr ligament 
and the interosseous mcmbruio Tlie mechanism is one of external 
rotation combined with some abduction, so that prcssuic continues 



Fig 012 Fractuioof 
the fibula bj ihas 
tasis the posterior 
tibio fihular liga 
ment bIiowh bj 
dotted lines ix 
mauling intact 
The second degree 
of diastasia >.oto 
le\elof the fractuie 
and that in the 
lateral v lew the 
fracture line runs 
in the oppo'ite 
obhquo to that 
of the common 
mixed oblique 
fracture Dupuj 
ti-en s Fracture 



rio 013 Dupu> tren s fracture hracturo 
of the lower third of the fibula together 
with an incomplete diastasis (rupture of 
the anterior tibio fibular ligament) 


on the 'interior end of the fibula w Inch is forced out and back The 
rupture of the anterior tibio fibular ligament is followed by a tearing 
of the interosseous membrane which allows the tibio fibular syndes 
mosis to open up to the full extent permitted by the slack posterior 
tibio fibular ligament, and tins is followed by snapping of the fibula 
* at the upper level of the tear in the interosseous membrane, 2t inches 
dho\ e the malleolus It is to be noted that unless the syndesmosis 
aiuaged in some manner fracture of the fibula abov e it, except by 
irect violence, ii impossible, as the fibula comes to he against the 
cor 



COMPLETE OUTLINE OF FRACTURES 


562 

tibia before its limit of elasticity is passed It is also to be noted that 
the fracture hne m such cases usual)} slopes in the opposite direction 
to the "mixed oblique" fracture, namely, from above and m front 
downwards and backwards 

A similar lesion may occur in association with fracture of the 
posterior tubercle of the tibia, though the mechanism is slightly 
different (See lielow ) 

The mir\T Owing to the intact posterior tibio tibular ligament 
displacement is limited, and reduction of the diastasis is straight 
font ard The lesion is, how e\ cr, often accompanied by either rupture 
of the deltoid ligament or a transverse fracture of the medial 
malleolus with separation The medial malleolus should under these 
circumstances he pegged hack into position with a bone peg or a 
screw Through the intact ligaments attaching it to the fibula it 
assists materially m maintaining the reduction of the syndesmosis 
It is unnecessary to li\ the fibula and tibia together by a screw in 
this typo of case The post operatise care and the care of the case 
winch lias been leduccd manually is similar Weight bearing must 
be delayed owing to the danger of the tilus slipping over into 
eversion and pushing the fibula away A short leg plaster is therefore 
applied ns soon as swelling has subsided and activity on crutches 
permitted for the first si\ weeks At the end of this tune the leg is 
re plastered and weight bearing permitted The plaster is removed 
between the tenth and twelfth weeks Satisfactory function should 
return to the joint, provided the dam ige on the medial side has not 
been too extensive Some minor disability may persist for a time 
and it will be necessary to wear a crepe bandage for some weeks to 
control the sw elhng of the ankle 

Complete diastasis This is produced by severe abduction 
violence, or by external rotation followed by abduction of the foot 
All three attachments of the fibula to the tibia are tom and the 
anterior or posterior tubercle frequently accompanies them Wide 
separation of the bones is permitted (Fig G15) the talus sometimes 
riding up between them when it may then be described as dis 
located upu ards beta een the fcu o bones The fracture of the fibula is 
usually in the middle third of the shaft and corresponds to the upper 
limit of the tearing of the interosseous membrane The severe signs 
and symptoms present enable it to be diagnosed readily 

This fracture may be accompanied by fracture of the medial 
malleolus or a rupture of the deltoid, one or the other being necessary 
to allow the lateral displacement of the foot Sometimes the posterior 
margin of the tibia accompanies the fibula instead of just the 4 
tubercle being involved, producing a third degree lesion (Fjg 587) 
Treatment This is essentially similar to that for -second degree 
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lesions (Dupuy ticn’s fracture), but as the posterior tibio fibular liga 
meat is also m\ ol\ cd reduction is not so easy or so stable Reduction 
may be considerably assisted by opci itmg on tlie associated frac- 
tures if these aic displaced Thus a medial malleolus should bo 
pegged back and if the postcrioi margin is involved it should be 
accurately reduced The lower end of the fibula is thus retained in 
position by its attached ligaments Reduction when first seen is 



Fig G14 Singlo screw 
fixation for diastasis 
Note the oblique in 
bcrtion of the screw 
which does not tend to 
rotate the lower frag 
ment of the fibula if 
not inserted at the 
correct level 



1'iG 015 Fractuio of 
the fibula by com 
plete diastasis 
Note the separa 
tion of the anterior 
tubuclo as the 
third fragment 


manipulative, and it is from a consideration of the control radio- 
graphs that a decision as to further treatment is made Caieful 
reduction and fixation of the associated fractures combined with 
elevation of the lunb, and replaster as soon as the swelling has 
V subsided, usually results m a satisfactory reduction of the diastasis 
which should be checked by a bi malleolar radiograph of both ankles 
f reduction of the space betw een the tw o bones is unsatisfactory, it 
may sometimes be influenced durmg the first week by the apphoa 
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tion of a firm Esmarch’s bandage around the ankle The heavy 
pressure built up forces the fibula back into the tibml groove The 
bandage should only be left on for a fen minutes mid the ankle then 
re plastered 

Failure to reduce the fi icturo satisfactorily is uncommon and 
may be due to the interposition of soft tissue or a fragment of bone 
Under these conditions operative reduction is necessary and the 
syndesmosis should be exposed by an anterior incision, cleared, and 
fixed by an oblique screw Tins screw must be inserted at the correct 
level and not over tightened Over tightening may result m tilting 
of the lower fragment, or of narrowing the mortice The oblique 
screw is less liable to do tins than the transverse The screw should 
be jemoved at the end of treatment Post operative treatment 
demands freedom from weight bearing for six to eight weeks or 
longer if a posterior marginal fiacture is associated Consolidation 
is usually sound between twelve and fourteen weeks 

It is one of the adv antages of operative fixation of the fibula tli it 
a plaster gutter splint max be made, and eirly exercises of the ankle 
earned out for the first six to eight weeks By tins time there is 
little danger of adhesions, and a walking plaster can be applied for a 
further six weeks m the secure Knowledge that the ankle movements 
on its removal will bo good 

Fracture of the posterior tubercle of the tibia It is necessan to 
mention this here as the weakening of the posterior edge of the 
fibula gutter allows lcvengc to be developed around the anterior 
tibio fibulor ligament which may produce a fracture of the fibula 
above the syaidtsmosis the characteristic evidence of diastasis The 
fragment corresponds to the attachment of the posterior tubercle, 
but more bone commonly separates than m a pure sprain fracture 
The lesion may be produced without displacement bv a direct kick 
on the hbular malleolus It is then of Jit tie moment and can be 
treated by early exercises and weight bearing as the stibihty of the 
ankle is not upset 

Where it results from the backward pressure of tiie fibula on the 
tibial groove the fibula is liable to \ield above The foot 111 external 
rotation and abduction presses on the anterior margin of the fibula 
which without the support of the posterior lip of the gutter, rotates 
around the anterior tibio fibular ligament causing the fibula to bend 
anteriorly Here it is not supported by the tibia and a flexion 
fracture often of the butterflv ’ tv pe Jesuits Owing to the intact 
interosseous membrane and antenor tibio fibular ligament displace 
ment is small The fracture is treated m the same manner as Dupuy 
tren’s fracture, from winch it is distinguished by the shape of the 
fractured surfaces and the mv oh ement of the posterior tibia! tubercle 
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The posterior tibial flake It is not uncommon to set in i uho- 
graphs after oUl injuries, ami appearing m radiographs a few weeks 
after recent mjuiics, i smvll fluke of bone Ijmg behind tlit tibial 
tubercle It resembles in in uij wajs the flake of bone seen I3 mg at 
the attachment of the mcdnl colliteral ligament to the femorvl 
condjlc It is smooth, dense, and sepurited fiom the bone by v 
clear area This clear area is occupied b) some fibres of tlie posterior 
tibio fibuhr ligament and the flake represents an ossihe ition on the 
surface of tins ligament It nun follow anj severe injury to the 
ankle which results m v henntomi being formed in this region It 
is of no signiflc uice, but should not be mistaken foi a leccnt frictuic 
Sprain or ligament traction fractures It is more common for i 
ligament to 3 leld complete^ l>3 a\ ulsion of its bonj attachment 
than by complete rupture of its fibies Small flakes of either malleolus 
1 are likel} to be detached l>3 the pull of the fasciculi The anterior 
fasciculi of the deltoid 111 13 pull aw a}' the anterior tubercle to which 
it is attached (Fig i 80 ) Similar!} the anterior fibres of the fibular 
collateral ligament (the anterior t a lo fibular ligament) ma> a\ulse a 
flake from the anterior margin of the fibula (rare) Most common, 
however, is the avulsion of the tip of the fibula from sprain of the 
calcaneo fibular ligament (Fig 363 ) 

The ligament traction injuries m association with diastasis ha\c 
alread3 been outlined 

TrevtmeisT This is similar to that of a severe sprim If a 
large flake of the medial malleolus is detached the condition 
approaches a first degree abduction fracture, and indeed theie is 
no sharp fine between the two conditions Large flakes should if 
^ displaced, be pegged back 111 position Foi the severe sprains m 
winch rotation of the talus can be demonstrated r idio logically under 
pentothal, immobilisation in plaster is necessary for five weeks 
Walking can of course be permitted Infiltration with local an es 
thesia maj be used m the first few dajs to dimmish pam and enable 
the bruising to be dispersed b> massage 
Compression injuries 
1 Posterior marginal fractuies 
~ Anterior marginal fraetuies 

1 Comminuted fractures of the lower end of the tibia 
Anterior and posterior marginal fractures ma\ lesult fiom falls 
on the foot With the foot m plantar flexion the force is transmitted 

0 ^ ie posterior lip of the lower surface of the tibia md a postenoi 
^ marginal fractuie lesults This fraetuie is apt to be followed b3 

< J* placement and if the frigment is large enough it 11113 can 3 the 
posterior lip of the tibial gutter with it and if the antcnor tibio* 

1 11 »r igament separates wide displacement with a third degree 
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fracture may lciulfc In pi act ice both compression and external 
rotation usually act together Occasionally tlie posterior margin 
may be split off by the rotation of the cy lmdrical talus in the curve 
of tlie tibia, under pressure This mvy produce a line fissure with 
very little separation, though if tlie force continues i third degree 
lesion may result 

Anterior marginal fractures result from falls in which the foot 
passes into dorsiflcxiou and the tibia tends to slide bachw irds Hus 
accident is less common than 
falls m plantar flexion and the 
shallowness of the anterior lip 
docs not allow such pressure 
to bo developed on tlie an- 
terior margin as the posterior 
A fissurt fracture may' occur 


Fig CI7 Posterior marginal 
fracture of tho tibia occurring 
alone duo to sudden com 
prcssiou strain 


as a posterior marginal fracture 
destroys the stability of the joint Compression fractures of the 
anterzor margin of the tibia ina\ occur fiora pressure against the 
neck of the talus, which may be fractured 

As these fractures, with the exception of the last named, involve 
the n eight-bearing surface of the bone, it is important for the 
avoidance of subsequent traumatic arthritis that they be reduced 
perfectly and this often necessitates open operation An anterior 
approach is used for anterior marginal fractures and a postero- 



bio C16 An antcrioi 
marginal fracture of tlio 
tj Iva due to comprr* 

6ion In marginal frac 
ture^ duo to forced 
dorsiflexion a much 
smaller chip of bone is 
displaced or tlie an 
tenor margin is inereh 
crushed 

winch m the same manner 
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latenl approach for posterior in irgmal fractures A single screw is 
used under ridiologicil control 

Poat opcntivcly after a weeks rest m a complete plaster early 
exercises arc commenced if the legion is an isolated one In those 
feu cases without displacement, a similar regime may be tried No 
weight bearing 13 permitted for ten to tweho weeks to allow the 
joint surf ice to heal Mtisfactonly In spite of this the accident is 
lihel} to be followed by traumitic arthritis 111 a longer or shorter 
time 

Gross comminution of the tibml surface may occur after such 
accidents as land mine explosions, or the tibial surface may be 
«n oh ed m fr ictures running <Iow 11 fiom the shaft These latter cases 
may not show much displacement Where displacement is gross and 



Fig 618 Ligament traction fracture of tho medial malleolus This can 
be regarded as a minor variety of tho first degree abduction fracture 

the joint surface is destroyed reduction of the parts under manual 
traction or skeletal traction is carried out and the foot immobilised 
at right angles and in the nnd position between inversion and e\er- 
61011 A painless ankylosis is hoped for 111 this position If there is 
miy possibility of return of function at the a tilde joint open operative 
restoration of the parts has to be considered If this is out of the 
question tho ankle should be treated by skeletal traction and early 
non weight bearing exercises 

Mal-united fractures in the ankle region Fractures may be 
seen some time after their occurrence, and m the absence of any 
feat merit union may have occurred in poor position The most 
• common deformity is an eversion of the heel, with a valgus 
e ornuty of the ankle due to the talus moving laterally with 
ie ang ed fragment of the fibula The moat important single 
ause 0 this is too early walking, particularly m ill fitting plister 


-SOB COMPLETE OUTLINE OF FRACTURES 

casts applied beforo tlio swelling around the anklo has subsided 
It is for this reason that tho Iato application of the plaster and the 
caicful use of control X rays has been insisted upon in second and 
third degree tinctures 

If a period of not longer than six to eight weeks Ins elapsed, it is 
possible to correct the deformity bj forcible manipulation with a 
Thomas’s wrench or the osteoclast The aim is to get the upper 
surface of the tilus in alignment with tho lower surface of the tibia 
and parallel to tho ground After reduction tho ankle is treated as 
for i fresh fracture 

In older cases tho benefit likclj to occur from operation must 
be carefully weighed In the presence of a traumatic arthritis 
no improvement need be expected, and if serious disablement is 
present an arthrodesis may bo necessary In eases in which the 
principal defect appears to be i valgus deformity, and the joint is 
normal, an osteotomy of tho tibia abovo the joint may improve the 
mechanical function of the joint and save tho development of a 
later arthritis More eliborate operations on both malleoli to 
rccieato tho conditions of tho fractuie are not sitisfactorj 

In a few cases facturcs of the modi il malleolus are reluctant to 
unite owing to the inclusion of boft tissues between the fracture 
surfaces Open operation with freshening of the fractuie surfaces 
and a small bono peg driven in from below will result in rapid union 
and restoration of painless function of the inkle Rarely the fibular 
malleolus has to be treated in tho same way (Fig *598) 
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FRACTURES OF TIIE TARSUS, METATARSUS, AND 
TOES 

Surgical anatomy Of the fnrsa l bones tbo talus mu] calcaneus stand 
out as of exceptional interest 'llio remaining bones arc iri cgtilarly quadri 
lateral, cancellous tissue bones coscrcd with u tlun layer of compact bone, 
which are consequently only bnblo to compression and ligament traction 
fractures 

Talus Tho most interesting point to 1 k> noted about tins bono apart 
from tho well known fact that it is tho only bono without any muscular 
attachments 13 that three fifths of its surface area is art icular 1 his ob\ lously 
1 necessitates some special mechanism m addition to strong ligaments to ictam 
the bone m situ This is found m tho deep nature of tho tibio fibul lr mortice, 
and tho opposed lines of tho talo na\ icular joint, mid tho posterior talo 
calcaneal joint which thus surround almost nil of tho bono w ith an irregularly 
quadrilateral bony wall llio lateral surfaces are further guarded by tho 
strong collateral ligaments of the auklo passing to the calcanous Tho 
anterior and posterioi aspects aio less well protected and aio tho legions 
through which dislocation occms Tho weakest point of tho bono is tho neck, 
where tho compact bono is \ery tluu and tho bono is grooved by tho deep 
bu’cus of tho tnlu.s Tho posterior and lateral processes of tho talus requite 
mention as they arc liable to injury 

Dexelopment Dio most important point to notico is tho occasional 
ossification of tho posteuor pioccs-s of tho bono from a separate centre This 
may gi\o rise to suspicion of fiactiuc In a certain number of cases this 
centre remains unfused with tho body foiming tho os tngonum, which may 
also causo confusion (Fig 27 ) 

Calcaneus The nrcgului shapoof this bono lenders it liable to a multi 
f plicity of fractures It is important to noto tlio slight curvo on tho bono 
which looks medially , and mto which tho remform clamp face of the comprcs 
sion clamp fits, lying just below tho sustentaculum tali In normal bones tho 
ino made by joining tho upper margin of tho tuberosity and tho highest 
point of tho posterior talo calcaneal joint with a lino joining tins point and 
>0 anglo of tho bono is known as tho salient angle (joint tuberosity angle) 
'aries from 20° to 40 ° and is a useful mcasuio of the depression of tho 
posterior talo calcaneal joint m compression fractures of the calcaneus Its 
'aria lUty demands a control pictuio of tho opposite leg foi comparison 
. * ' ei0 P men * An cpiphy sis for tho posteuor surface of tho bono appears 

0 to eight y ears, and unites at sixteen to tw enty tw o years 
in tl C< l essor y bones of the foot Fho frequent occurrence of accessory bones 
pect^ °°<3 l<3 irn P ortant * as *f one is not awaic of them frncturo is often sus 
lertai “ uc * 1 bones may bo sesamoid bones which normally appear at 
, 1 , 1,1 st ^ c ' 5 or *-bey may bo truo accessory bones which represent persistent 
** remnants They ha\o tho following characteristics 

o iJ ,e ^ a Pl >car at known sites 
3 S‘ C> aro usualI y bilateral 

iey ha\o clear and well defined peripheries 
rom lose points it is clear how they should bo detected Iho accurate 
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examination of tlio film, combined with a comparative X raj of tlio normal 
foot will excludes fracture Common accc-worj boned n re 

1 Tlio os trigonum, resembling a fracturo of tlio posterior process of the 
talus 

2 Tlio os \ osalmnum, at base of tho fifth metacarpal (See loter ) 



Fig 010 Lateral mow of tho calcaneus showing tho salient angle or 
joint tuberositv angle which varies from 20 s to 40* \ sevamoid bonO 

is also to be seen in the tendon of tho pcroncus longus which has been 
mistaken for a fracturo of tho anterior end of the calcaneus 

3 Accessory navicular it small bone occasionaf/j present in tho region 
of the navicular tuberositj (Os tibialo evtemum ) 

4 Tlio talo navicular bone L> mg on tho dorsum of tho foot between the 
talus and tho navicular 

These are tho most common acccssorv bones but there are some sixteen 
other rarer ones 

Fractures of the Talus 

1 Fracture of the neck 

2 Fissure fractures of the body 

3 Crushing of the head with fragmentation 

4 Fractures of the posterior process 

5 Traction fractures of ligamentous insertions 

6 Fractures of the medial and lateral inferior borders 

The question of fractures of the talus is closely bound up with 
dislocation of the talus, which may occur at the anlje, the sub-taloid 
pint, and the talo navicular part of the mid tarsa joint The 
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loiumon usage of the term sub tahml dislot ition ignores the nnolve- 
nent of the talo na\icular joint When the neck of the talus is 
"ractured and the bod} of the t ilus chAocitul the talonavicular 
|omt and anterior talocikmcd joint run mi intact, and the 
[losteno talo calcaticil joint and the ankle onlv are linohcd 

Numerous combinations of fractuics iml dislocations are possible, 
and the classification of such lesions presents some difhculty The 
prime purpose of a cl issihcition is i guide to ordered thought and an 
aid to memorj The more facts w Inch e m he brought into line \\ ltli 
any classification the better unless the el issiiication is rendered too 
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J’io 020 Dislocation of tho talus at the anklo without fracture Primary 
dislocation of the talus without fracture 


cum rous It is temptmg to classify legions under their causative 
'io ence as has been done for injuries to the ankle Desirable though 
is, the complicated lesions bung due in many cases to a com- 
ina ion of forces, or a succession of injuries such a classification is 
oo simp e to be correct It is therefore suggested the dislocations 
racture dislocations of the talus should be classified on an 
sim ? mica * ^usis "hich, if academic, has the virtue of being familiar, 
oiechanisi^ Covenn S inore contingencies than one based on 


onlv SS * M h0n Involvmg one joint onl} This is 

hmat^ 0SSl f C an ^^ e ’ an< ^ the ln Jury may be duo to any com* 

ion o the forces described in the previous chapter For 
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simplicity primary disloc ltion of the til us is usually limited to dis % 
location at the ankle joint without fractiuc If a fracture has J 
occurred it is described as i fractuio disloe ition of the ankle 

SiCO\in«\ Two joints ire involved — 

1 Without fracture Subtiloid (subgastragaloul) dislocition 
The injury which may be due to foiccd inversion or eversion of the 
foot with medial or lateral dislocation of the talus, involves the talo 
calcaneal md talo navicular joints (Fig 021) 

2 With fracture of the neck of the talus 'Ihesc injuries most 
commonly occur as the icsult of forced dorsitlexion of the foot 
(“ Rudder bar nijuiics ’) 'I lie hrst stage of the lesion i±> the 
Iracture of the neck of the talus vv it bout displacement A cont mia- 
tion of the forces acting pioduces dislocation at the posterior talo- 
calcaneal joint and a variable degree of displacement of the body 

TtKTl vn\ In this group all three joints are involved, the^ 
equivalent of total dislocation of the talus 

Any of these lesions may' be complicated by fractures of the 
processes or m lrgms of the bone or damage to the mid tarsal joint 

Fractures of the Talus 

Fracture of the neck of the talus Hus is a dorsiflcMon injury, 
and occurring without dislocation of the body of the bone will be 
described here The attachments of the bone being intact there is 
no danger of avascular necrosis Damage to the anterior margin of 
the tibia may be serious and result m tr lumatie arthritis of the ankle 
joint More commonly the damage is only of a minor character 
which has to be carefully sought for 

Tulvxment This consists in immobilising the foot in plaster s 
in the normal plantigrade position for eight weeks without weight" 
bearing w hen there is no displacement T he usual remedial exercises 
are begun after this and some weeks may elapse before the resulting 
stiff foot returns to normal 

Great care must be taken that an accompany ing dislocation of 
the posterior sub taloid joint which has reduced itself incomplete!) 
is not overlooked It is necessary to immobilise such cases m 
plantar flevion to reduce the deformity Fracture of the neck 
of the talus with displacement of the body is twice as common as 
w ithout 

Fissure frvctures or the body These may occur from com- 
pression and remain undisplaced Treatment is similar to fractures 
of the neck of the talus Compression fracture of the head of the; 
talus is irreducible and has to be treated m a similar manner 

Fractures of the posterior froolss Great care has to be 
taken not to confuse the unumted secondary centre of the posterior 
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,1,0 ligamentous insertions ... not « conunou ns the m h 
of tlie malleoli Treitmuit is siinll.ir ()> •>!».) ll, ' c , . <h „ 
medial and lateral mirgms she, ,1,1 raise snsp.cnm of «»*«» «« 
placement ulnch Ins spout meously educed 'd « 
occur alone Iho} require n short period of rest end then mobilise 


Subtaloid (subastragaloid) dislocation (sctomhin or unoniplc ) 

(а) With medial displacement of the foot 

(б) With lateral displacement of the foot (rare) (big - ) 

As the result of either in* crsio.l strain or ov ersion coinhined nith 
totation the calcaneus and navicuhr ore trusted from io o 
face of the talus This probably occurs iv ith the foot ill the plant g 
position under some pressure, or else the talus u ould dia oca e 
ankle lomt The talus retuns its normal position, hut the res 
the tarsus is drawn up on one or other side of it It a > » 
tip of the fibula is often fractured The na\ lcular is raw n up 
anteriorly by the tension in the tibialis anterior, w ith increase in 1 
longitudinal arching of the foot and apparent plantar e\ion o 


the talus , , 

The signs and symptoms are gross, and w bile they may resem e 
a total dislocation of the talus ( q v ) the condition is easily recognise 


by radiography . , 

Tre vtmen t Manipulative reduction is usually easily carried out, 
iand once reduced the condition is stable The foot is imino 1 isec 
'in plaster in the normal plantigrade position Weight bearing 
should not be permitted for the first month and the plastei s iou 
be retained for eight weeks A satisfactory recovery follows, but 
persistent stiffness of the hind foot and mid tarsal arthralgia alter 
walking may remain A surgical shoe with a built m vagus mso e 
should be provided in such cases Avascular necrosis of the ta us 


does not follow this accident 

Fracture of the neck of the talus with dislocation of the posterior 
talocalcaneal joint The knowledge of this classical flying accident 
has recently been considerably increased by the study of the cases 
the R A F The injury is a dorsiflexion one in which the neck of 
the talus is sheered off against tlie lower margin of the tibia, which 
„ frequently shows signs of damage As a result of the forward pressure 
on the foot at the tune of the accident the fractured neck of the talus 
is often impacted into the body, and on plantar flevion of the foot 
to a right angle the body of the talus is drawn down into plantar 
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ileuon The only method of disnnpacting the fragments and gettnij 
them into normal position is to forcibly plantar fle\ the foot, when 
following di»i m p iction, the fr igmcnts usu illy slide into position Ii 


r 

/ 



Fia Oil Antcro posterior \icw of tho saino case 



tiG 022 Secondary dislocation of the talus Lateral view of a sub taloid 
(sub astragaloid) dislocation of tho tarsus 

a few cases they will not reduce satisfactorily, due to wedging c 
co mmin uted fragments between the neck and the body Tw 
groups of cases can be recognised according to the displacement c 
the body of the bone ^ 
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1 Thoso 111 which the talofibular anil talo tibnl Iigamcnta 
f retain the body of the bone m position 

2 Those m which all the ligamentous attachments of the body 
'ire ruptured and the body issumes one of mini) diverse positions 

The distinction is important, as in the first group of cases a very 
limited percentage of the cases (under 50 per cent ) will undergo 
avascular necrosis, while in the second group it is almost inevitable 
It is, however, wortli noting that necrosis docs not necessarily occur, 
and a cimieil trial should bo given before arthrodesis of the ankle, in 
all cases I have recorded one case which was not followed by 
avascular neciosis, and there is ono ciso in the literature in which 
the talus was removed, washed in s ilmo and re inserted and survived 
Treatment Miu-v Tilt bod\ lus.iv nokvivl position The 
jhead of the talus is brought into line with the neck of the bone by 
plantar flexion and slight inversion or eversion The position of 
mvers on or eversion assumed is opposite to the displacement at the 
time of the injury Careful check radiography is necessary to be 
certain the fracture is reduced in both planes Union is apt to be 
slow and the plantar flexed position must bo maintained for eight to 
ten weeks A plaster in the plantigrade position follow s for a further 
fortnight, and if radiological cv idence of union is satisfactory weight 
bearing is permitted in it for a further fortnight It is then removed 
and rehabilitation commenced 

When the body is displaced The displacement of the body is 
variable It is most commonly postero medial (Fig 628), but may 
be postero lateral or anterior Reduction must be carried out imme- 
diately to avoid sloughing of the skin over the displaced body, 
.undesirable pressure oil vessels and nerves, and avascular necrosis 
deduction may be manipulative, or operative, and it is worth 
remembering that skeletal transfixion of the body by a thin Stern- 
mann s pin may assist In general, ow mg to the numerous minor 
complicating factors present, such as fracture of the medial malleolus, 
comminution of fragments, open operation is to be recommended 
While the possibility of reducing the vascular supply of the bone 
fetill further exists, undesirable soft tissue tension can be eliminated 
by evacuation of the hsematoraas Retention of the talus after 
open reduction may be by plaster, but control of the fragments 
may only be obtained by the insertion of a screw through the neck 
of the talus into the body Fracture of the medial malleolus, if 
associated, should be pegged back mto position 

Aiascular necrosis is shown by an increase in the density of the 
if \ °\ k° ne ( Fl S 6 -3) compared with the surrounding bones 
t le bone is immobilised replacement with living bone will slowly 
o ow icre i«, t however, ev ery chance that, though the function of 
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the ankle m twelve months’ time may be good, early degenerative 
arthritis w ill set in Should w eight bearing be permitted during this 
period the completion of the bone and arthritis is mev itable When 



l*i< <121 Avascular noeiosix of the ho<l) of tlio talus following a mine 
explosion underfoot Jr r&i lure of the noth of the talus without 

displacement 

painful and advanced, arthiodesn> of the ankle must be carried out 
Tibio calcaneal fusion, leaving the head in aiIh, is most satisfactorj 
Late and irreducible cases When contriction of tissue ant 



Fig 024 I ho mechanism of 
posterior fracture dislocation 
of the talus The arrow s>how» 
the direction of the resultant 
forces in the dor»iflo\ed foot 



more usual displacement is 
show n m the succeeding figure 


adhesions have occurred reduction of the body may be unpossiblt 
and excision is inevitable It should be followed by immediate 
tibio-calcaneal fusion 

Total dislocation of the talus (tertiary or complete) 

This uncommon lesion is usually the result of falls with the fooi 
m inversion Rupture of the fibular collateral ligament allows the 
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lrio Tertiury dislocation of tho tnhn Antoio posterior film show inj, 

anteru lateral dislocation of the body of tho bone which lies in front 
of tho fibula 



talus lyinf. m the trans\erso plane 


Escape of the talus in front of the fibula, and dorsiHcuon of tho foot 
causes it to lie across the foot in front of the anterior tibnl margin 
Oils is intcro htcril dislocation (Fig 020) Antero mcdiil disloc.t- 
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tion from eversion injuries accompanied by rupture of the deltoid 
ligament occur The position of the talus is very v iriable, and it has 
been found completely reversed on its long a\is (The axis running 
from tlie posterior tubercle through the centre of the neck ) Com 
pleto postenor dislocation is recorded but is extremely rare 

Symptoms \\n divonosis There is llways a history of a fall 
from a height, but this m ly be merely that from a chair Gross 



fclG OiS l)i awing to represent the po ition of the taiua founil ot oporafno 
1 eduction of a posterior medial fracture dislocation 

A Perorucua longus B Flexor htdlucis longue C Feromeus 
bim is D Peroneal retinaculum E Articular capsule of the ankle 
V Cut tendo Achilles G Tuber calcanei H Tendon of flexor 
hallucis longus I Displaced talus Jf Tendon of tibialis posterior 
K Flexor digitorum longus 

swelling and deformity are present The displaced body of the talus 
may be palpated lying anteriorly or posteriorly, where it may bo 
obscured to some extent by the tendo calcaneus It can be recog- 
nised by the feel of its saddle shaped articular surface In compound 
eases this is frequently visible through the wound If the skin is 
not broken it is under great tension and requires urgent attention to-y 
avoid the onset of gangrene With the anterior dislocations the 
strain on the skin is greater than with posterior cases as there is 
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more room behind the ankle posteriorly Posterior dislocations may 
produce pressure on the posterior tibial nen o or on the tendons of 
the flexor hsllucis longus ind flexor has been completely severed 
from its attachments There are at least two iccorded casts where 
the loose talus has been w ished m s ilinc and ictumcd to its position 
with complete success 

Reduction is most readily accomplished by skeletal traction 
Antcro medial dislocations slip back more easily than antero-Iatcral 
ones which are obstructed by the deep anterior margin of the 
fibula In posterior dislocations there may be difficulty owuig 
to the bone becoming button holed by the tendons previously 
mentioned In either anterior or posterior lesions if mampu- 
lative reduction fails one should proceed at once to operative 
reduction, which is best carried out on the traction frame so 
that the skeletal traction can be continued The reduction is 
earned out through a vertical incision over the displaced bone 
In posterior dislocations the traction frame must be turned on 
its side to facilitate the approach By making a clear exposure 
the obstructing bony points or the stretched. ligaments can he 
seen, and the hone slipped back with levers The wound is then 
closed with the usual precautions and the leg plastered In com- 
pound cases the w ound is excised and then the bone replaced under 
observation, before suture The wire in the calcaneus may be left 
if desired for light traction In fresh cases the plaster is split, or 
padded 

After treatment The limb is rested on a Braun’s or Thomas 
splint When the wound lias healed and swelling has subsided, the 
leg is put m a plaster to the knee Walking is not permitted till 
' there is evidence of good union of any fracture, or a restored blood 
supply m cases of dislocation of the body or w hole bone At the 
end of five to six weeks, however, the plaster may be guttered and 
exercises to the ankle commenced if the X-ray findings are satisfac- 
tory These were more fully discussed ni an earlier chapter If 
avascular necrosis has commenced weight bearing will hasten the 
dissolution of the bone The patient must rest till either the circula- 
tion is restored, or the bone has degenerated 

Late cases Where the case is seen some time if ter the accident 

ie chances of survival of the hone are much diminished After 
orty eight hours’ displacement the majority of cases undergo 
avascular necrosis even if reduced It is, however, always worth- 
^ w me trying up to the end of the first week, after which tibio- 
Ca cancal arthrodesis is to be recommended, cither partial or 
complete 

Fractures of the calcaneus Any person who falls from a height 
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turn from e\ ersion injuries accompanied by rup tuns of the deltoid 
ligament occur The position of the talus is \ cry \ anablc, and it lias 
been found completely reversed on its long avis (The axis running 
from the posterior tubercle through the centre of the neck ) Com 
plcto postenor dislocation is recorded but is extiemely rare 

Sxmvtoms vm» diagnosis There is always a history of a fall 
from a height, but this may he merely tint from a chair Gross 



Bio bis Di awing to represent tbo position of tile talus found nt operativo 
i eduction of a posterior medial fracture dislocation 

A Peronceus longus B Hoxor hallucis longus C Peronxus 
bre\ is D Peroneal retinaculum E Articular capsule of tho ankle 
F Cut tendo Achilles G Tuber calcanei H Tendon of flexor 
hallucis longus I Displaced talus J Tendon of tibialis posterior 
K Flexor digitorum longus 

swelling and deformity are present The displaced body of the talus 
may be palpated lying anteriorly or posteriorly, where it may be 
obscured to some extent by the tendo calcaneus It can be recog- 
nised by the feel of its saddle shaped articular surface In compound 
cases this is frequently visible through tho wound If the skin is 
not broken it is under great tension and requires urgent attention to- 
avoid the onset of gangrene With the anterior dislocations the 
strain on the skin is greater than with postenor cases as there is 
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the talus into the body ol the t demons just imtcnor to the posterior 
tilo calc uical facet r llic latual w ill of the calcaneus breaks here, 
just \bo\c t lie pcioncal tubercle The weight tlicu falls on the 
sustentaculum t ih which is biokcn so that the whole uught is taken 
by the posterior irticular facet which is either fragmented some- 
times w ith i long sagittal fracture running to the tuberosity (Fig f> 14), 
or dn\ea deep into the cancellous tissue of the bone In cither caso 
the salient ingle is obliterated, though to gt cater degree in the latter 
case In lesser injuries the bone in ly have a process broken off, or 
it may (issiuc m the hue of the lamella} with no displacement The 
anterior end of the bone is remarkably infrequently injured In 
sc\erc lesions the bone is fragmented, broadened, the salient angle 
completely obhteritcd, and the head 
of the talus partly dislocated in an 
upward direction The fraetuies of 
the bone may be summarised as 
follows 

1 “ Beak ” fractures (5 per cent ) 

(Fig 631) 

2 Fractures of the medial tuberosity 
(13 per cent ) (Fig 032) 

3 Fractures of the sustentaculum 
tab alone (4 per cent ) 

4 Fractures of the body without 
displacement of the joint surfaces (2o 
per cent ) 

5 Fractures of the body involving depression of the posterior 
, articular area alone (30 per cent ) (Fig 633) 

y 0 Fractures involving the displacement of the whole of the 
posterior articular facet, fracture of the sustentaculum tali, Assuring 
of the bone, and obliteration of the salient angle, with or without 
dislocation of the talo navicular joint (2G per cent ) 

X ray examination Accurate lateral view s of the bone are 
nece&sary together with a plantar view of the bone, taken with the 
foot in dorsiflexion and the tube at an angle of 45° to the plate which 
hes under the heel Only in this film can fractures of the sustenta- 
culum be seen, and shortening and broadening of the calcaneus be 
^ppreciated It is advisable to have two similar views of the sound 
icel taken at the same tune for comparison 

Anesthesia Iii fresh cases local anesthesia can be usod, but 
9 ^ IS 110 as satisfactory as when used elsewhere, and requires to be 
supplemented by gas for the compression of the bone More satis- 
actory is intravenous oi spinal anxsthcsia obviously the choice in 
n ^ er ‘ 1 ^ cases General anaesthesia is satisf letory, and though the 



I ic l>31 ‘ Beak fracturo of 

tho calcaneus A Triangular 
fragment of bone B Areas 
of the tuber calcanei in con 
tact with the bursa below the 
tendo Achilles C Tendo 
Achilles 
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of time act or more on to their heels ami complain* of persistent pain 
afterward should be suspected of a fracture of the calcaneus The 
fractuie which may occur wines from a hssuic without displacement 
to a gross crushing injur} The sequel c ire apt to he dispropor 
tionately severe if the cluneal anil radiological appearances of 
deformity ire taken as the criteria of judgment Although several 
w elbrccognised v arietics of fracture occur, due either to the structure 
of the bone or the uniformity of mechanism, there are two great 
clinical groups of cases 

1 In which the posterior talo calcaneal joint is not involved 
This includes fractures of the tubcrosit} and processes and minor 
fissures vi ithout displacement Serious sequela! do not o< cur 

2 In which the posterior talo calcanei! or sub taloid joint is 
fractured or altered ui alignment This group is liable to be followed 
by a sub taloid arthritis which may be scnouslj disabling, and in 
an> case is followed b} limit ition of movements it the sub 



urticular burfuce tlmcn into the 
cancellous boiio of the bod} 


taloid joint and an mabihtj to walk comfortably over irregula~ 
ground 

Signs vnd s\ mi toms The deformity may be either negligible 
or very gross W lit n obvious it consists of shortening and 
eversion of the heel and flattenmg of the arch Frequently tins 
is obscured b} gross swelling of the ankle The local pain and 
tenderness is often acute, amounting to hyper acsthesia In a few 
cases it may be possible to appreciate with the fingers the shortening 
of the distance from the sustentaculum tali to the medial malleolus 
In some cases the broadening of the bone is shown by a swelling 
behind the lateral malleolus The condition is frequentl} bilateral 
and in falls on to the feet from a height, or mine explosions at sea 
where there is a violent upward thrust of the deck, the common 
association of a compression fracture of the 12th dorsal or 1st 
lumbar vertebia must be borne in mind 

Mfcha^ism The w eight of the body drives the sharp angle of 
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tw o to three tlaj s’ rest w ith a compression clamp A w allung plaster 
is then applied for three to five weeks 

Cases with no displacement may be treated by early exercises 
Weight bearing will be avoided on account of pain for the first week, 
blit can be commenced is soon as it is comfortable 

4 Frvcturis oi? Tin body without distlac* went These 


require rest and elc\ ntion till sw clling has subsided Weight bcanng 
is not permitted, but active 11011-weight bearing exercises are carried 
out The patient is allowed up on crutches with the ankle sup- 
ported by a firm bmdngc A decision as to when weight bearing 
should be permitted is based on the position and extent of the frac- 
ture, the mobility of the hind foot, and the amount of pain on pres- 
sure on the heel The time will vary from four to eight weeks 


1 Persistent trouble of a serious nature 
' should not follow this type of injury 
O FRVCTUBLS Ot THE BODY WITH 
DEPRESSION 01 THE POSTERIOR TALO- 
CALCANEAL joint (Fig 033) Even 
pressure on the articular facet may 
dnvc it deeply into the cancellous 
tissue of the body of the bone Sbghtly 
une\en pressure with the foot inverted 


v u 



Fig C3*t Fracturo of the cal 


may sheer off the lateral half of caneus with displacement of 
the postenor facet The fracture lines JJfSSSJflSSf TS 
often run back to the tuberosity as in tured fragment B Posterior 
Figs 633, 034 talocalcaneal joint 


The total deformity of the calcaneus is not gross Elevation of 
the articular facet is impossible by lateral compression, and difficult 
traction Although the salient angle is reduced the disability is 
to some extent countered by slight plantar flexion of the talus and 
flattening of the angle of the calcaneus 

Such cases do not require manipulation and should be treated by 
Relation, massage, and early non weight bearing exercises Weight 
bearing must be avoided for two to three months In the majority 
of cases, though the inversion and eversion of the heel may be 
united or absent, a reasonably satisfactory functional result is 
achieved In those in which pain persists, sub taloid arthritis is 
occurring and the end result resembles the unsatisfactory cases of 
Uroup G 


5 Severf crushing fractures of the calcaneus Owing 
o the severe disability winch is apt to follow such a lesion these 
jactures have gained a bad reputation, and to try and minimise 
period of disability heroic measures liav e been adopted, such as 
immediate subastragaloid arthrodesis, or earl} weight bearing with 
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duration of the ame&thctic may be long the patient docs not need to 
bo kept deep 

1 “ Bi vk ” in vcTUitLS In these cases a small triangle of bone 
is elevated from the dorsum of the tuberosity The base of the 
triangle toricsponds to the bursal area of the tuberosity, so that 
tendon traction can play no pirt in the lesion ind its mechanism 
is uncertain It is possibly due to lateral pressure Reduction 
is usually eisily accomplished by relaxing the tcmlo Achilles by 



Fia C32 Fracture of the medial tuberositj of the calcaneus (os calcis) 

flexing the knee, and plantar flexing the foot, and pushing firmly 
with the thumbs on either side of the tendon The foot iS then put 
up in slight plantar flexion for three weeks m a walking plaster 
which is moulded carefully around the ankle 

2 Tract dues of the sustentaculum tali Displacement is 
medial and small The Ime of fracture is sagittal and runs through 
the groove for the flexor hallucis longus After swelling has subsided 
a plaster is applied for three weeks, to prevent inversion 

3 Fractures of the medial tuberosity These usually show 
1 ttle displacement, hut if it is present it is corrected at the end of 
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adequately trcitcd by the methods outlined will obtain a reasonably 
v* useful and painless foot 

The deformities met with in serious injuries may be 

1 Shortening of the bone on its long a\is 

2 Bro idcnuig oC the bone 

3 Angulation of the bone open medially, an mcicasc of its 
nornnl cun c 

4 Depression of the posterior articular surface md obliteration 
of the salient angle, due either to this or to fr icturc of the body, with 
angulation open upw irds 

Only \\ hen these arc gross is a specific attempt made to reduce 
them Reduction per se is unlikely to reduce the amount of subse- 



quent arthritis, but may reduce the strains imposed on the arthritic 
joints by restoring normal alignment In particular, an attempt is 
made to reduce shortening and flattening of the calcaneus 

\ arious methods of reduction have been dev ised and the impor- 
tant ones w ill be outlined 

1 Phelps Gocht clamp The action of this clamp is best 
explained diagranunatically The clamp is so adjusted that pressuie 
ls applied above the neck of the talus, to the upper surface of the 
tuberosity of the calcaneus and to the under surface of the calcaneus 

> tightening this pressure the salient angle of the calcaneus can be 
r restored Reduction by this method can never be complete 

2 B\ a losTLRion nv A Stemmann’s pm is driven into the 
ca caneus from the posterior aspect Conti ol X-rays are taken 

y comparison with the nonnal foot and assuming the posterior 
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no ittempt at reduction in order to encourage arthrodesis This is 
to abandon at once 11113 effort to obtain a normal foot While not 



Fie. 1(14 tracluro of tlio food} of tlio calcaneus with di-placctncnt 01 
tfoo laterul portion of tlio posterior articular suifaco (retouched) 



fiu i, 3 o Seterc completion fracture of the calcaneus, with obliteration 
of the salient anple 

denying that a small number of cases will come to artlnodesis, such 
a nihilist attitude is not justified by the number of cases which 
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cas.es tlus method may ho effective The liter-treatment is similar 
V to tiio next method 

^ Both the abo\ o methods} c orrcct only the obliterated salient angle, 
and require to bo combined with compression to corxecfc fclio 
broadening and angu] ition 

3 By SkLLLTXL THVCTION VND COM 1*111 SSlON This IS the UlOSt 

useful method, and can be com 
bined until continuous traction as 
after treatment 

Method A Kirschncr w ire or 
a thin Stcinniann’h pm is inserted 
m the upper posterior angle of 
the calcaneus This position is 
^ ^necessarj to a\ oid the pin being 
the waj of the compression 
clamp The leg u, then put up in 
the Bolder traction frame and 
the stirrup attached by a spring 
balance to the tightening screw 
The bar under the knee lias pie 
viously been well padded and an 
extra support bar is placed o\er 
the lower third of the tibia 
From this a piece of webbing or calico is tied around the leg so as 
to support its lower third (previously pms Mere inserted in the tibia, 




fciG G 40 The pm m position The idiot tening ami broadening of the 



Fio 039 Severe cruolung fiacture of 
the calcaneus. Iho correct 
position for the pm 
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fractured portion of tlio calc incus moves with the pm, it should be 
possible to calculate the angle through winch the pm must be moved 



0 

1 


Fig (137 Tho action of tho 1 helps Ooclit o-dcoclaet in reducing fractures 
of the calcaneus riio arrows tndicato tho sites of tho padded rollers 
of the clamp and tho general direction of their pressure (Clamp shown 
in hig 108) 



Fig 03*’ An alternative method of reduction of fissure fractures of the 
calcaneus with displacement A sharp metal spike is introduced 
from behind and forced downward till the salient angle is restored 

to restore the fragment to normal Tins is then forcibly accom- 
nlished and the pm incorporated in the plaster Unfortunately 
the pin does not always, move the posterior fragment In simple 
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mg of the bone While this pull is m untamed the completion 
/ chmp is applied to the calcajicus, with the rcniform pad on the 



Fig 044 The icduction of a fractuio of the call ‘ineu-. Read} for the 
longitudinal pull 


ntrol X raye. may now be taken, and w hile they are being 
eloped the traction once more brought m line with the leg 
anc tightened A plaster slab is placed on the extensor suiftce of 
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but this is unnecessary) Traction is now made in the direction ( 
the leg up to 40 to GO lbs Tins reduces the impaction of the sul 
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mg of the bone While tins pull is maintained the completion 
chmp is applied to the calcaneus, with the reniform pad oil the 


tio f»41 


The final ic*ult with tho calcaneus restored to almost normal 
ippcaranco and a normal salient angle 


medial side It i>s suewed up to a distance of 33 mm apart, the 
aterage width of the calcaneus, and then immediately relaxed 


j 


tic 044 i lie reduction of a fracture of the calcaneus Read} for tlio 
longitudinal pull 

Control X rajs may now be taken, and while they are being 
cv eloped the traction n, once more brought m line with the leg 
and tightened A pH&ter slab is placed on the extensoi surface of 
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the limb ind bandaged on When this ins set the limb is placed 
on a Braun's splint and a weight of 10 to 15 ibs placed on the 
stirrup 

Treatment after redaction The forces tending to reproduce the 
displacement aro tho pull of the tendo calcaneus and the weight of 
the body Weight bearing can easily be avoided, but the pull of 
the tendo calcaneus is constant and difficult to counteract Flexion 
of the knee is not sufficient One may counteract tlus torce b> 
continuous traction, or one may incorporate the calcaneal pm in the 
plaster together with another one below the tibiul tubeiositj, which 
by maintaining a fixed distance between the pun counteracts any 



Fio (545 Reduction of a fracture of tho calt-ancua Traction being 
applied m the direction of the tubero ltj of the calcaneus 


tendency to compression Both these methods have the disadvan- 
tage of producing great stiffness in the hind foot It is possible that 
in this lies their success, as if the movement of the sub taloid jouitis 
restricted or the joint anhylosed it is pain free 

In general the deformitj if well reduced will not recur to its 
original degree and often will remain reduced if w eight bearing is 
avoided for the first two months 

(A) Co>tinuous traction The extensor plaster slab, as 
described above, is bandaged on, leaving the heel free and holding , 
the foot in slight dorsiflexion These bandages may be reinforced \ 
by plaster bandages if desired The traction of 5 to 12 lbs is 
maintained for four w eehs if the reduction is satisfactory The pm 
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is then removed and the limb placed m a leg plaster for a further 
* four weeks At the end of the eighth week w eight bearing is per- 
\ mitted At the end of the twelfth week the plaster is remo\ed and 
an Unna’s paste stocking substituted foi it, and exercises for the 
ankle are gi\ cn 

(B) CovTiMjOLb distii vction' If this method is to bo adopted 
a second pin is inserted below the tibi il tuberosity At the end of 
reduction a complete leg plaster is applied, incorporating both pins 
When this is done care must be taken that the distracting force on 
both puis is not too great, and the tension must be reduced to 
20 to 30 lbs , and the position picfciabK checked by X-rays before 


■} 

*ig GIG fho application of a plaster on the anterior surface of the limb 
lea\ mg the heel free 

the plaster is applied After a few days a walking iron or rubber 
heel is applied, and the patient allowed to get up The plaster is 
worn for eight weeks, and then an ordinary walking plaster applied 
for two to four weeks, followed by an Unna’s paste stocking 

There has been considerable discussion as to the time w hen reduc- 
tion should be performed It is often inadvisable in the first few days 
on account of shock or abrasions or other injuries, but there is no 
necessity to wait ten or more days Unless there is some contra- 
uidication such as an abrasion, it is carried out on the second 
0r Unrd day Gross swelling is massaged away before the damn 13 
applied 1 

Cases m which it is considered unnecessary to reduce the 
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dt'jjoi jmt3 r 11113' bd of two kinds Those m which defoinnty w so 
gross that it is unhkely to be benefited bj reduction and m which 



tn »j47 


Dio lcfe resting on » llrnun a splint under continuous tructio* 1 
1 oot drop is plot Lilted b> tlio anterior plaster slab 



anhjlosis of the sub taloid joint is hhelj to occur, and those in which 
there is insufficient deformity to justify reduction These cases are 
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treated by elevation and early massage and non-w eight-bearing 
exercises These are persisted m till a stable and relatively j>, unless 
foot results when weight bearing is recommenced gradually 

Prognosis Three groups of eases will be found 

1 TIioms in which a linn bony or fibrous ankylosis results which 
is pain free or reasonably comfortable 

2 Those in which a small range of pain free movement icturns 

3 Those in which increased use of the limb produces increased 
pain, usually followed b} radiological changes of sub taloul arthritis 
These eases have persistent or increasing disability and eventually 
demand a sub taloid arthrodesis 

It must bo remembered that a small number of eases in which 
damage is done to the posterior talo calcaneal joint will also go on 
to arthritis 

After-treatment The average disability period for a fracture of 
the os calcis of any severity is twelve months The patient may be 
permanently crippled for bard manual labour Ankle movements 
ire unaffected, but owmg to the destruction of the sub-taloid joint 
with subsequent traumatic arthritis there is a loss of inversion and 
eversion of the heel This makes walking diagonally on a slope and 
on rough ground particular!} troublesome If there is no attempt 
at reduction made this is further complicated b} the short inverted 
heel and flat foot A new occupation may thus have to be found for 
the patient and the period of rehabilitation is likely to be long 


Fractures of the Navicular 

Fractures of the navicular are the only other lesions commonly 
met with, though compression injuries may damage a number of 
bones together, or any single hone Navicular fractures arise from 
severe dorsiflexion strain on the foot which fractures the bone and 
squeezes the fragments on to the dorsum of the foot Reduction 
is made by plantar flexion combined with dorsal pressure, and the 
foot is plastered at right angles In a few cases this is not sufficient 
to reduce the fragments, and the talus and cuneiforms must be pulled 
apart by skeletal traction A wire is inserted in the calcaneus and 
another lh the bases of the metacarpals and traction made on the 
traction frame Firm pressure is now made on the dorsum, if 
necessary, with a clamp Tlus is followed by a plaster incorporating 
>oth wires, and retained for three weeks 

Fractures of the tuberosity are occasionally met with, and the 
con usion w Inch may arise from an accessory navicular tubercle has 

cn ,ne ntioncd already A walking plaster may be required to 
rest the leg 


1 it <i47 I lie loj, noting on n ljnum s splint under continuous traction 
L oot drop is protented bj the anterior plaster slab 



fin l>4S 'same caso showing the re stoiation of the salient angle under 
skeletal traction with a Kirsclintr wire 

ankjlo&is of tlie sub-taloid joint is likely to occur, and those in winch 
theie is insufficient deform it \ to justify reduction These cases are 
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and of tissue destroyed Prov ided the injury lias produced no gross 
disturbance of the foot posture, and there is not tin excessive loss of 
the skm oil the sole, the results w ill be satisfactory Gate difhcultics 
in healed ciscs irnvcs tlnelly from 

1 Pressure on proininent bony are is 

2 Loss of sens it ion with the development of trophic ulcers 

3 Disturb luces in the vascular supply, with oedema, skin lesions 
and pain 

4 Recrudescences of infection 

1 In grossly infected cases the prognosis is uncertain In spite of 
a reasonably normal appearance of the foot the function is always 
gravely impaired If there is gross destruction of small joints and 
erosion of the cancellous bodies of one or tvv o small bones, or of the 
bodj of the calcaneus, it is probable that amputation \v ill he needed 
m the end and the patient may be saved much suffering by coming 
to an early decision on tins matter In particular, these remarks 
apply to the complicated foot injuries resulting from land mine 
explosions m modern warfare 


Fractures of the Metatarsals 


j 


These are similar m type to fractures of the metacarpals They 
are most frequently due to crushing injuries, and so are frequently 
compound With severe blows one or more metatarsals are often 
broken transversely at the level of the blow Owing to the liga- 
mentous and muscular attachments there is usually little displace- 
ment Following such injuries it is wise to Keep the foot elevated to 
avoid swelling of the tissues winch rapidly occur m the dependent 
limb Two special types of fracture will require mention, the 
march ” fracture and the fractures of the base of the fifth 
metatarsal 


Fractures of the metatarsals with no displacement 
These are not uncommon and though the immediate pain is apt to 
be more severe than that from a inarch fracture, for reasons given 
under that head, the same treatment is recommended 

Fractures oi the metatarsals with disilacement These 
are usually accompanied by soft tissue damage which requires the 
reatiuent meted out to compound lesions elsewhere It is still 
more important in these cases to elevate the foot and avoid swelling 
ie ractures are reduced by manipulation and the leg plastered 
ic imb is then placed on a Braun’s splint Where difficulty is met 
m re uction strong traction combined with the manipulation should 
f nc .. Traction is obtained by passing stainless steel wire or 
to a'lwln "^ rm gut t l ir °ugli the pulps of the toes and attaching it 
en ar on "Inch one may pull While a pull is maintained 
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Fractures of the Other Tarsal Bones 
Compression fnctures and fractures from direct violence are not 
uncommon, due to the dropping of w eights on the foot Avulsion 
of a hake from the cuboid is a not uncommon accompaniment of 
feexerc sprain of the nnd-tarsal joint 

Small hakes of bono are often pulled out from the dorsum of the 
tarsal bones by excessive plantar flcuon This is most commonly 
seen in the navicular and not to be confused with the talo-navicular 
accessory bone The treatment of ligament traction fractures of this 
typo depends on the degree of associated damage 

Treatment In general, unless there is a specific reason such 
as a compound fracture, progiess is more rapid if the patient can be 



3fWV (jW Compression fracturo with anterior dislocation of the na\ lculnr 

rested and giv en Faradic foot baths, massage and non u eight-bearing 
exercises If it is important that the patient should he up and about 
without crutches rapidly a light walking plaster may be applied 
The long period of rehabilitation which must follow any lmmobihsa 
tion of the foot in plaster, before the patient is fit for much activity 
on the feet, is a serious disadvantage, and where possible rest and 
early active non -weight bearing exercise is to be recommended 
Compound fractures of the tarsus The blood supply of the foot 
is good, and the majority of injuries will therefore do well if primary 
closure of the wound can be earned out The plaster should extend 
beyond the toes to prevent contraction, w Inch occurs in injuries to 
the sole and calf, and to relieve the toes of the weight of the bed 
clothes If the wound has to be packed and left open the prognosis 
is less satisfactory, and depends on the extent of the inflammation 
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■f fractures by immobilisation in plaster is to be deprecated It results 
\ in further detenor \tion in muscular tone and necessitates a long 
period of rehabilitation on icmoval of the plaster It occurs 
most commonly in >oung icti\e adults, often associated with 
a sudden mere iso of ictivit^, after a sedentary existence, such 
is typically occurs in tr lining a recruit to inarch There is no 
definite history of traunu, but often one of tiredness or aching in 
the foot for some time before the onset of acute symptoms The 
patient complains of pun, usually o\er the second or third meta- 
tarsal, rarelj the fourth Fust this causes him to lest the foot, and 
finally to seek adwee On cxunination the foot may be generally 
swollen, and there may be a \ isiblc or palpable swelling in the region 
I of the shaft of the affected nictataisal An X ray reveals one of 
^ three conditions (I) A little rirefaction of the shaft or neck of the 



tia 052 Tran'nerso fracture of the base of the fifth metatarsal 

affected metatarsal (2) There is an oval shadow with a fracture 
of the metatarsal at its centre (3) The shaft of the metatarsal is 
surrounded by a spindle shaped shadow resembling callus, and no 
fracture is visible The first is the early stage before fracture, 
accompanied by aching feet The second is the established stage 
most commonly seen, in which fracture has followed changes in the 
bone It is obvious that the pathology of the condition must have 
been in existence long before the radiograph was taken The third 
stage is the healing stage, in which the fracture Ime has been 
obliterated by healing r 

Treatment This falls into two divisions, corresponding to the 
clinical seventy of the case 

^ te dcule Case Characterised by acute pain, sudden onset, 
fcwelluig of the foot, and a recent fracture line in the X ray The 
oot should be elevated and rested for a few days, and as soon as the 
atu q phase is over, treated as the subacute cose 
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an attempt is made to mould the displaced fragments into 
position When this is done a. leg piaster is applied In order to 
retain the fi igments the continuation of slight t taction may be 
necessary This is best earned out by the mcorpoiation of a wire 
in the sole of the plaster and ittaching the toe to it as in the manner 
of a finger wire Slight flexion of jilaster and attached toe puts 
traction on the metatarsal Where possible this should be avoided 
and if retention of position is satisfactory early exercises should he 
commenced to ill toes The length of immobilisation should be no 
longer than necessary for the metatarsal to settle in position At 



Jio OVO Sractiucs of the shafts of the 1 >i«. i»1i riio name cu.->o afloi digit 
find second and third nietatarsaU extension 

with displacement 


the end of this period of seven to ten dajs the plaster should be 
removed and exercises commenced of a non weight bearing type 
Weight bearmg may be commenced as soon as signs of consolidation 
commence, usually between the third and fourth week 

March fractures This fractuie is the most common of the 
fatigue fractures of bone and shows the characteristic features of 
fatigue fractures in general The incidence of the condition can he 
definitely related to the seventy of exertion undertaken and the 
length of time the strain continues At the same time it must be . 
realised that “ march ” fracture is only one sign of severe foot strain, 
and that it is accompanied by a defective muscular tone throughout 
the foot and leg For this reason the treatment of “ march ” 


BRACIURES OF TARSUS, METATARSUS, AND TOES 5<)9 
Fractures of the Phalanges of the Toes 

y The most commonly injured phalanx is the terminal phalanx 
of the great toe As this is usually duo to crushing injuries it is 

not infrequently compound, and accompanied by abrasions which 
makes strapping fiwtion impossible Cases which to the casual 
glance do not appt lr compound arc often indirectly compound 
below the nail For this re win wo behove in removing the nail 
m all venous crushing injuries of the toes and evacuating tho 


m 



* ,a Ii54 Fracture of tho tip of 
tho baio of the fifth meta 
taisal 



Fig 055 Oblique fracturo of 
the proximal phalanx of the 
great too m\ oh mg tho joint 


hematoma This relieves the patient of pain and cuts down tho 
incidence of infection by removing a readily infected mdus and 
flowing the nail bed to dry up Such a removal is followed 
y a light sole plaster bandaged to the foot, extending to just beyond 
le * oes * an d the resting of the leg on a Braun’s splint, while the toe 
i ^exposed to radiant heat or the air Under such circumstances 
e * oes ra pidly dry up and the patient can be giv en a w alkmg boot 
° r 6 * oe ' n th the toe cap removed 

‘ on compound fiaefcuics with little displacement can be 
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The Subacute Case The patient should be taken off hear 
activity on the feet A valgus insole with a sponge rubber meta 
tarsal pad should bo provided As a cheaper substitute a felt pa* 
may be strapped under tho metatarsal bases Faradic foot bath 
and too stretching exercises ire gnen and light activity m boot 
encouraged The condition settles down in two to four weeks fron 
the date of complaint under this regime 

Fracture of the base of the fifth metatarsal Hus is due t< 
sudden inversion of the foot, or blow s on the outer aspect of the foot 
It usually takes the form of a transverse fracture behind the tubero 
sity of the bone, but smaller chips may bo broken off the regioi 



Im( <i* 3 Normal cpiphjsis at tho base of the fifth 
metatarsal 

r 

of the tuberosity and interest attaches to them as the} may be 
confused with any of the following conditions 

1 A normal epiphysis winch unites at puberty (Fig 0o3 ) 

2 A persistent unumted epiphysis m an adult (Rare ) 

3 The os Vcsalianum, a small vestigial remnant which lies 
opposite the tip of the bone 

4 Sesamoid bone in the region (In tendon of peroneu's 
longus ) 

To differentiate these requires careful examination of the films 
and X rays of the opposite side for comparison 

The treatment of any fracture in this region is similar to that of 
a march fracture In acute cases great relief of pam will follow 
infiltration of tiie fracture line with novocaine This enables early 
massage and activity to remove cedema and swelling Wear-" 
mg a stiff soled boot will be of assistance in relieving pain on 
walking in the later stages Immobilisation in plaster is rarely 

required 
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long continued pain in the foot liiaj result The only symptoms 
are pain m the foot which is localised to the sesamoid region, with 
some swelling and bruising m acute eases They arc recognised 




tio l»3* TIio vanities of oniluatiou of tlio soainoiris M Medial side 
I I ntiral Mile 




bv the X-tay, but one may lcquuc an oblique view to establish a 
doubtful cisc, together with i view of the opposite side, as the 
sesamoid** miy ossify lncgulailj, and is this is invariably bilateral 



tio G«jH fracture of tlio medial sc&amoid botio 

a comparative X ray will rule out tins condition If unusual 
unification has occurred it is the medial sesamoid which is most 
commonly involved It may be divided into two, three or four sec- 
,0,|H the lateral sesamoid is involved it i& divided into two only 
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supported by a few turns of stiapping over a narrow pad. ot fel 
winch conies well under the ball of the toe This usually makes thi 
toe susceptible to picssure fiom the shoe, and the most satisfactory 
method of getting over this is to cut the toe out of an old shoe an< 
wear it till the swelling has gone, usually in two to three weeks’ time 
Further rest to the toe can be obtained if desired by incorporating 
a metal bar m the sole below the great toe 

Fractures of toes other than the great toe cause little disability 
as a rule, and requiro strappuig only 

Fractures with displacement of any moment occur only in fh< 
proximal phalanx of the great toe, w here any deformity is a disability 
In the presence of abrasions skeletal triction must be employed by 



Fig 656 Finger wire incorporated in a walking plaster for the extension 
and immobilisation of the great too m fractures of the metacarpal and 
proximal phalanx of anj se\ entj 

passing a stitch through the pulp of the toe, or the use of stainless 
steel wire This is attached to a wire incorporated m a leg plaster 
In ordinary cases it will be sufficient to strap the toe to the wire and 
then bend wire and toe as in the case of finger fractures (Fig 656 ) 
The treatment of compound lesions has already been described, 
elevation of the toes and absolute rest being important after excision 
and suture under local anesthesia The long disability which 
follows infected lesions of the toes makes every care worth while, 
and the condition itself is not without danger Malgaigne in the 
pre-aseptic era having reported seven deaths in compound fracture 
of the great toe in a total of 41 cases 

Fractures of the sesamoids of the great toe These b ones are 
rarely fractured but are important as, if ov erlooked and untreated, 



CHAPTER XXXIII 

DISLOCATIONS OF THE JAW AND UPPER EXTREMITY 
Dislocations of the Mandible 

Disloc vriovs of the mindiblc may be unilateral or bilateral 
Only the unilateral lesion anting fiom a blow on the side of the jaw 
is likely to be complicated by a fricturo of the condyle or, less 
frequently , of other portions of the jaw The bilateral lesion may 
I occur spontaneously on yawning or on attempting a large bite 
\ In full opening of the mouth the condyle slides forwards on to the 
eminentia articuhris, and with slight further strain may slip over 
to the anterior aspect of this, 
and remain fixed there 

In bilateral lesions the jaw 
i> fixed open, and the patient 
is unable to swallow, so he 
dribbles saliva Depressions 
in front of both ears are pal- 
pable where the condyles nor- 
mally lie In unilateral lesions 
the jaw is not held so widely 
open, and the chin deviates to 
^ the uninjured side Reduction 
in either case is usually readily 
brought about by grasping the 
lower jaw firmly in a towel, 
with the thumbs over the 
molars and the fingers outside The jaw is first depressed and the 
whole mandible then pushed directly backwards Reduction is 
nearly always possible without an anaesthetic The after-treatment 
consists m the avoidance of gaping, the necessity for which is 
impressed on the patient by giving him a four tailed bandage under 
the chm 

Fracture dislocations are often difficult to reduce, but in spite 
°f failure to do so the movements of the jaw are quite good If the 
r condyle cannot be reduced by manipulation operative interference is 
unwise owing to the technical difficulties, and the poor results 
° * aine d do not justify it Should a bad result be obtained from 
conservative treatment, and this is unusual, the condyle may always 
ho excised later 



]?ig Go9 Reduction of a dislocation of 
the mandible 
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Treatment In acute cases the foot must be rested in a walking 
plaster for three to four weeks in the hope of obtaining union At 
the end of this time the plaster is removed and the patient given 
a metatarsal arch support Tins is followed a course of Faradic 
foot baths and exercises In chronic cases the effect of a metatarsal 
arch support is first tned for a month, and if this fails to relieve the 
condition excision of the bone is ad v ised 

Anatomy REFERENCES 

Tinm&TAN Holland " llio Accessory Bones of tlio Foot ” Robert Jones 
Birthday Volume Humphrey Milford, London, 1928 P 157 (Also 
summarised m Lee McGitgois * Surgical Anotom> ” JohnlYright) 
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Smith H “ Subastragiloid Dislocation,” J Bone and Joint Surg, 1937, 19, 
373 

Milch “ Astragulo scaphoid Dislocation ' -inn Surg , 1929, 89, 427 
Graham and Faulkner 4 Astrigalectomj for I- racturcs of the Astragalus,” 
Ann burg 1929 89, 435 

Bonnin J (j ‘ Dislocations and trocturo Dislocations of the Talus,” Brit 
J Surg 1940-41, 27, 88 

Coltart, quoted bj W vtsov Jonts ‘Bono and Jouit Injune-*/’ 3rd ed 
Lmngitono Edm , 1943 Vol II 

Calcaneus 

CcJnn, H R ‘ Tlio Treatment of Piaptures of the Os Calcis ” (Method not 
recommended but good bibhographv ), J Bone and Joint Surg , 1935, 
17 392 

Schofield ‘ Fracture of the Os Calcis ’ 1 Bone and Joint Surg , 1935 18. 
560 

Hermann * Conservative Therapy for Tncture of the Oa Calcts, ' J Bone 
and Joint Surg 1937 19,709 

Eastwood Fracture of the Os Calcis,’ Brit J Surg, 1938, 25, 6 36 
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of tho Ankle Joint Proc Bog Soc Med 1932,25(2), 1082 
Palmer, I ‘ The Mechanism and Treatment of Fractures of the Calcaneus " 
J Bone and Joint Surg , 1948 30a, 2-8 

Tarsus 

Wilson, P D “ Fractures and Dislocations of the Tarsal Bones ' South 
M J , 1933, 2fi 833 

Metatarsals 

Me verdln o, H W ‘ March I racture Surg Gynce and Obstets , 1938, 67, 

234 

In win, G “ Fractures of the Metatarsals, Proc Roy Soc Med 1938, 31, 
789 

Drummond R “ March Fiacture Report on a Case involving both Feet 
Brit MJ, 1940 2 413 
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( Hie moil, serious lesion i** the complete dislocation of the 
, joint, which i in onl> oecm when the conoid and trapezoid 
hgiments ue torn The whole weight of the limb then drigs 
the acromion away from the clavicle The deformity is much 
more marked clinically than that due to subluxation, and an 
Xray show & \ wide separation of the joint surf ices The treat- 
ment is similar to subluxution, for tlie atm is tho si me, tlio 
complete relief of the joint fiom tho weight of the limb, but 
the immobilisation must bo maintained much longer to give the 
damaged ligaments time to heal A period of foui to six weeks 
must elapse befoie this occurs and tlnoughout this tune care must 
he taken ne\cr to allow tho support of the strapping to relax 
! (See Chapter XIX ) 

The difficulties of retention with stiapping demand continuous 
supervision and some stiffness of the elbow and shoulder may 
follow To avoid this open operation and fixation of the clavicle 
by a single screw passed through it into the coracoid process has 
been employed The screw must not be fixed firmly in the 
clavicle or it will fractuie with movement, and must have a wasliei 
to prevent it pulling through the clavicle After consolidation of 
the ligaments, it is removed, usually at the end of three months 
Undoubtedly the best results arc achieved by this method, but 
perfect function is possible with some deformity and it is not 
often earned out In the rare cases in which pain persists at the 
acronno clavicular joint excision of a £ inch of the end of the clavicle 
"ill give relief 


Persistence of pam after strain or sublu<ation or after the more 
serious lesion of dislocation may be considerably relieved, and m 
some cases abolished altogether, by the infiltration of the joint and 
ligaments with novocame In long-standing cases an oily solution 
such as “ Proctocaine ” may be employed as its effects last longer 
fcuch treatment needs to be followed by immediate movements, 
assisted if possible through the full range, and a continuation of 
physiotherapy for two weeks 


Dislocations of the Shoulder 

Stability is sacrificed in the shoulder joint to freedom of 
movement, and. the price of this is the liability to dislocation, 
" uc * 1 ma kes tho shoulder the most frequently dislocated joint 
ie body The shallow glenoid cavity, the lax ligaments, and 
di°lo °t^ ^ ever humerus all take a part m facilitating 

The causative violence may be direct or indirect, more commonly 
10 atttr » Uic usual accident beinc a fall oil the extended abducted 
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Dislocations of the Clavicle 

The sterno-clavicular joint The jiath of the dislocated medial 
end of the clavicle is insuperably iesisted in one direction only, that 
downward and posterior, where it comes into collision with the first 
rib It may pass in any other direction, but, owing to the strength 
of the articulation and of the costo-clavicular ligament, dislocation 
m any direction is rare The injury is duo to a fall on the point of 
the shoulder, or to direct v loleuce (See Fig 224 ) 

Posterior dislocations These are rate, and chiefly interesting 
because the pressure may deform the trachea and cause shortness 
of breath, or, if on the veins, cause venous engorgement of the arm 
Uptiard dislocations These are uncommon as the position is 
unstable, and the bone slijis down to its normal position 

Antero inferiorly This is the common lesion The medial end, 
of the bone appears to be very prominent and lies at a lower level 
than usual A variable amount of bruising appears around the 
joint The dislocation is readily reduced by any of the manoeuvres 
which reduce a fractured clavicle, but it is difficult to retain m posi- 
tion In practice this is unimportant as there is little disability if 
the bone is left m its abnormal position An attempt to retain the 
position may bo made by a pad over the medial end of the bone, 
field in place by a circular plaster applied over the injured shoulder 
and under the opposite axilla Tins is supplemented by a figure 
eight bandage to draw the shoulder back If successful this will 
have to be retained for three to four weeks Operative reduction 
and fixation by fascial slings is 
not warranted till later evi- 
dence of dysfunction has accu- 
mulated 



iia CGO Complete dislocation of the 
acromio cla\ irujar joint indicating 
i upture of the conoid and trapezoid 
ligaments 

fracture into the joint may be 
rest in. Robert Jones’ stripping 


The acromio-clavicularjoint 

This joint is not infrequently 
injured m falls on the shoulder, 
the lesion being either a sprain, 
a subluxation or a complete 
dislocation With the sprain 
there is merely local pain In 
the subluxation some increase 
in prominence of the injured 
clavicle wall be palpable and 
may be shown in the X-ray j 
A small local dlup or fissure! 
present Tins lesion requires 
for two to three weeks (see 


Fig 237) 
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2 Lxn molt hub glenoul Tins is the primary lesion in most 
eases anil is further displaced anteriorly or 
posteriorly (Fig 001 ) 
l.uMtio e recta In tins rare lesion the head 
pisses through the loner portion of the 
eipsule, and the nnn is then over-abducted, 
so that it slips down the axillary border of the 
scapula, au<l the arm icinauis fixed over the 
head 



tit. Ii0‘ Dialocution of the shoulder showing the flattening of the 
shoulder and the abduction of tho elbow The grip on tho wrist is a 
characteristic one to prevent pain from movement and is seen in many 
lesions of the shoulder and arm 

3 Posterior Sub acromial \ „„„„ 

, , V Both rare 

Sub spinous J 

In all cases but luvatio erecta there are certain common physical 
signs 

1 Flattening of the normal deltoid contour (Fig 662 ) 

2 Inability to place the elbow against the side (Dugas’ sign ) 

3 Prominence of the acronuon with an unusual emptiness below it 

4 The head of the humerus may he felt to rotpte under the fingers 

111 ai1 abnormal position • 

5 Hamilton’s ruler test A ruler may be made to touch the 
acronuon and the lateral condyle of the humerus Normally it is 
pre\entcd from this by the head of the humerus 
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arm which lovers tho humerus against the acromion, and forces the 
head of the humerus through tho loner weak portion of the capsule 
The head may lcmain there, but moic commonly it is furthei 
displaced In direct violence tho head of the humerus is forcibly 
tom an ay from tho glenoid, pushing tho capsule oil the bone 



? 


Fia GO 1 Sub glenoid dislocation of tho humerus 


Such force may be transmitted from the elbow, or bo duo to a blow 
on the anterior or posterior aspect of the arm, especially if tho elbow 
is fixed at the moment of impact Tins typo of injury is associated 
with fracture of tho glenoid, or the tuberosities, or of tho upper end 
of the humerus 

Dislocations may be classified 

1 Anterior Sub coracoid (See Figs 253, 254 ) 

Sub clavicular 
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2 krntion Sib glenoid I Iih h the prim in It -ion in most 
nm and i* further di-plutd intcnorlv or 
jwi-tchorh (1 u m»I ) 

I iixatm cm la In tin- rm h -ton tlu Ik id 
pa— through tin Imu r portion of the 
« ip-tile, md tin trm i- tltn nur ihductcd, 
•*o tint it ‘•I ijh down tin mil in honh r ol the 

‘•riptlln tml t lie trill n m no- fi\td mrr t l*e 

head 



3 PosTIPio,, 


bub acronml 


Irj an , *pinous J 

c-as <N out Iuxatio crecta tfiere are certain common physical 


Both rare 


-‘gHa 

* Flattenin' 


of tlie normal deltoid contour (Fig ) 


2 Wt , ° norm 

3 p Ilty to P J ace the elbow against the -ide (Dugas’ sign ) 

4 Thei! menCe °^be acromion with an unusual emptiness belowit 
ui a n ahn ^ of the humerus may lie felt to rotate under the fingers 

\ 5 jja 0 ^! po-ition / 

\° n s test A ruler may be made to touch the 
Prevents r the Iat eral condvle of the humerus Normally it is 
airo *n thn, hv H,* * 
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humcius (see Fig 24<l) This pioduces a. characteristic sjndrom 
Following the reduction theic is complete instability of the joir 



Fid Koclicr s manaiu ro (c) Stage of adduction of tho elbow 

which very cavity redislocates again This lesion maj be produced b 
excess c violence in uducmg a dislocation Open operation is ur. 



Fig GC7 Kochers mancemre (d) Stage of mtemal rotation 

satisfactory m restoring the movement of the shoulder and arthre 
<Iesis may be necessary 
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(c) Subacromial burta Adhesions and partial luptuics of Uic 
'diort rotators lying m its floor arc productive of much stiffness (seo 
p -5HJ 

Injuii\ to Tin bonls bcc Fractuio Dislocations, Chapter XXI 
Treatment Reduction 11 s soon is possible is the lirst aim Not 
onl) docs this relievo the pitient from pain, but theio is a period 
immediately iftcr the injury in which there appears to bo a mild 
anxsthcsii, and consequently less muscle spasm, and in which 
reduction without an anesthetic is considerably easier 

Methods Now that muscle spasm can bo so easily abolished 
for the short tunc necessary for reduction by intravenous anaesthesia 
this should always bo used if available When relaxed the head of 
the humerus will often slip back easily by gentle traction on tho 


^ .fixed elbow and slight outward pressure on the head from a hand 
the axilla Failing tins Kocher’s or tho Hippocratic method 
is used 


Kochcr’i This method aims at making the head of the humerus 
retrace its path, and is most suitable for sub*coracoid dislocations 
Though probably based on incorrect anatomical considerations, it 
is nevertheless effective In many cases it can be carried out slowly 
and gently without anesthesia Whenever difficulty is encountered 
the first step to o\ ercome it is general anaesthesia to abolish muscular 
spasm 


(а) For a short period traction is applied to the arm in tilt 
slightly flexed and abducted position 

(б) The patient’s forearm is then used as a lever and with the 
elbow steadied at tho side the humerus is slowly fully externally 
.rotated It is this proceeding which should be done slowly and 
Iiteaddy, as it tenses the untorn subscapulans 

(c) The elbow is now adducted across the chest while the external 
rotation is maintained 

(d) Finally, with the elbow still steadied, the arm is internally 
rotated by sweeping the hand across the face to tho opposite 
shoulder It is during this movement that reduction usually 
occurs 


Hippocratic method If the above method fails, and under 
anaesthesia tins is seldom the case, traction is applied to the arm 
In', may be carried out with the arm in various positions <1) the 
^rm may be slowly brought above the head and almost vertical 
faction be applied (2) The arm may be pulled upon w lien at right 
fugles to the body w ith a counter traction band around the chest 
* classical Hippocratic method the unbooted heel is pi iced 

U j le a ^dla for counter-traction, and is used as a fulcrum after a 
b period of traction by adducting the arm over it This 
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humeru» (see Fig 240) This products a characteristic syndrom) 
Following the reduction there is complete instability of the join 



Fiq OSb Kocli'To ntanu.m re {<-) Stage of adduction of the elbow" 

which \ en easily redi-locates agaui This legion may be produced bi 
excessive \ioltnce in reducing a dislocation Open operation is un 



Fig GP7 Koeher e mancemre (d) Stage of internal ro tot ioo- 

satisfactory in restoring the mo\ ement of the shoulder and arthro 
desis ma\ be neces-san 




<<|J Lateral Mew of a posterior <hdo< atioti 
of tho olBow 


1*k 070 Potteuoi mow of tho 

Kamo ca«o to bhow tho bioaden 


mj_ of tho i lhnw 


fracture of the humerus by the it ituiet> described and b^ the 
r d ^ration in the normal relationship of the olecranon to the 
eineondjles (See p 320 ) Ail X ray must be taken in all cases to 
Otter mine the a«isnrmte>r 1 hnnv ininmr lw» 
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manoeuvre exerts considerable force, and caic must be taken not 
to convert a dislocatioi\into a fracture dislocation 

After treatment The irm is kept in a sling for three weeks, 
exercises, massage and movements being commenced at the end of 
the first week In these \novemciits full abduction is avoided, but 
external and internal rotation insisted upon It is found that an 
arm capable of full internal and external rotation is capable of almost 
full abduction 

Long standing cv&ts After a short tunc there is shortening 
and contraction of muscles which makes reduction difficult and, if 
forced, dangerous No exact period as to the date after w Inch reduc- 
tion is impossible can bo given, but after the fourth week efforts 
to reduce the dislocation aro not likely to succeed Under these 
circumstances it is necessary to submit the case to operative reduction 
through an anterior incision, which may be a difficult procedure, 
and maj end up with an excision of the head of the humerus It is 
often remarkable how good is the function of an unreduced disloca- 
tion, and such cases are certainly better left in the elderly 


Dislocation of the Elbow 

The elbow follows the shoulder m order of frequency of dislocation, 
but while in shoulder lesions the patient is usually adult, m elbow 
dislocations a high percentage occur in children and adolescents 
owing to the undeveloped state of the coronoid and olecranon 
processes 

Dislocations may be 

1 Posterior The most common lesion 

2 Anterior A rare lesion, accompanied by olecranon fracture 

3 Lateral or medial 

4 Divergent dislocations in which the upper radio ulnar joint 
is also dislocated 

5 Dislocations of the head of the radius alone 

Posterior dislocations These occur from falls, on the hand 
in which the force, had it been transmitted more directly to the 
humerus, would produce a supra-condylar or shaft fracture The 
head of the radius moves with the ulna, owing to the annular 
ligament being intact Fracture of the coronoid may occur, and the 
bracluahs anticus is always separated to some extent, w Inch may lead 
to some calcification in it later on 

Diagnosis The appearance of the arm if not obscured bv 
swelling is typical The patient holds the forearm by the wrist in 
incomplete extension (135°) The elbow appears broadened from 
behind, and the forearm is shortened There is a hollow above 
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action of the musculature of the arm, ami all forced movements, 
^ w eight carrying and the 
' like are forbidden Gentle 
and persistent active over- 
ages are encouraged Full 
movement is usuallv 
restored in si\ \v ecks The 
treatment of dislocation 
complicated by fracture 
is the treatment of 
the fracture after 
the dislocation has been 
reduced 

, OtULB ^MSLOCVriONS 
' OP THL ELBOW 111 tllC 

rarer lesions the displace 
ment is usually obvious, 
and should be confirmed 
by an X ray In anterior 
dislocations there is 
usually an associated fracture of the olecranon 

Medial dislocation may involve the ulna alone if the orbicular 
ligament is detached, but usually the two bones move together 
Tlie sigmoid notch rests on the edge of the epicondyle, and is readily 
returned to normal position by extension on the flexed elbow and 
medial pressure 

Lateral dislocation may be accompanied by tearing of the orbicular 

ligament and disloca- 
tion of the head of the 
radius It is interest- 
ing as it is the probable 
mechanism of fracture 
of the medial epicondyle 
with displacement into 
the joint (See Chapter 
XXI ) In many of 
* ,G Lateral dislocation of the elbow Tho these cases the dis- 
tils on tho skin hea over tho olecranon Tho rdneement is inenni- 
\ raj of this case w allow n m l i t G72 placement is mcom 

plete or spontaneously 
reduced and the position of the displaced fragment may bo over- 
^ looked If the displacement is noted before the dislocation is 
reduced an attempt may be made to keep it out of the joint by 
pullmg on the bellies of the extensor muscles as the dislocation is 

IX dlirnil 




ho <i“2 Lateral dislocation of tho elbow 
bhowmg anterior dislocation of the head 
of the radius Tho same case as in Pig G73 
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1 Fiacturo of the head of the radius 

2 Fracture of the coronoid process 

3 Fractures of the capitcllar surface of the humerus 

4 Fracture of the medial epicondyle (See Figs 28C, 287 ) 

5 Other more extensive fractures of the low er end of the humerus 
The rapid onset of swelling m the elbow may obscure the 

diagnosis, and is an added reason for early reduction 

Treatment TIus consists of early reduction which is usually 



Flo 671 Medial dislocation of both bones of tho forearm Intact upper 
radio ulnar joint 

simple and earned out by the method outlined in Chapter XXI for 
the reduction of flexion fractures of the humerus The manipula- 
tions with the fingers w ill obviously differ, but the grip recommended 
gives the best control After traction with the elbow bent the 
humerus is pushed back with tho thumbs, and readily slips into the 
sigmoid notch 

After treatment The elbow is retained in a cuff and collar or 
high slmg in modeiate flexion for three weeks and then transferred 
to a low slmg The patient is then encouraged to move lus elbow 
to the full extent allowed by the slmg for a w eek, and it is then dis- 
pensed with The return of movement to the elbow is left to the 
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movement cannot be earned out the reduction is not complete If 
c' complete the elbow is immobilised m tins position with a posterior 
> slab, and sling 

Two complications are met with in this group of cases Firstly, 
cises which are eu>y to leduce but difficult to retain, and, secondly, 
cuss m which mam pula t no reduction is impossible In the lirst 
group the he id of the radius can usually be con ti oiled by adequate 
flexion, but if this fads at the end of several attempts operation 
must bo earned out Failure of reduction is duo to tho interposition 
of soft tissues, usually the orbicular ligament Retention is simple 
once the obstruction is overcome The second group of cases shows 
no very obvious reason for the failure of reduction, but an X ray 
will usually reveal a lower ndio-ulnar subluxation, with the lower 
1 end of the radius caught in the lower margin of the ulna This can 
^ only bo released by section of the posterior ligament of the joint, 
which cm bo done with a tenotomy knife after which the head of 
the radius fits back into place 

An interesting and related legion is “ pulled elbow/’ a condition 
met with m children from two to six: years of age after sudden 
traction on the forearm The child complains of pain in tho elbow, 
refu&es to use it, and holds it m pronation On examination, flexion 
and extension will be found to be free, but supination is limited 
The X ray is usually negativ e Tile theory of its -etiology is that the 
cartilaginous head of the radius is pulled through the orbicular 
ligament which closes down between the head of the radius and the 
capitellum The treatment is forced supination winch produces a 
slight click and full restoration of movement This may sometimes 
/ be managed without anmsthesia 

Dislocation of the louver radio-ulnar joint This is an unusual 
lesion occurring alone, when it arises from direct violence, but it is 
not uncommonly associated with other lesions (1) fracture of tho 
shaft of tho radius m tho lower third , (2) severe Colics ’s fractures , 
(•i) dislocation of the head of the radius (See Figs 311a and 3116) 

Fracture of the shaft of the radius alone is not difficult to treat in 
the absence of dislocation at the lower radio-ulnar joint, though one 
may require skeletal traction to obtain correct apposition When 
the joint is dislocated, however, the lesion is very unstable, and the 
rulius tends to displace toward the ulna and the hand to piss into 
radial deviation 

Thu, tendency to deviate may be resisted by several methods 
r ( a ) The hand may be plastered in ulnar dev lation and traction 
P aced on the thumb This is not advised as the traction is likely to 
cave a stiff thumb 

(&) Vftcr reduction by skeletal traction a unc may he passed 
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An X ray is taken after reduction and if the epicondyle is still 
in the joint it is removed by open operation 

Dncrgent dislocation In this lesion the shaft of the humerus 
is forced between the two bones of the forearm with resultant 
tearing of all the ligaments of the joint The ulna slips up posteriorly 
and the iiead of the radius to the 
lateral side so that the forearm 
becomes locked in almost complete 
extension Reduction is earned 
out by extension in the line of 
the arm till the sigmoid notch is 
engaged, and then flexion of the 
elbow while the head of the radius 
is forced down by pressure The 
arm is then immobilised in 
moderate flexion by a posterior 
plaster guttei splint The after 
treatment is that of other disloca 
tions of the elbow 

Dislocation of the head of the 
radius alone For this to occur 
the orbicular ligament must be 
ruptured The head maj then 
pass antenorly, posteriorly, medi 
ally or laterally, and during any 
of these movements the deep 
branch of the radial nerve is likely 
to be injured If the head of the 
radius is displaced to auy extent 
associated injuries are usually 
present 

1 Fr ictuie of the ulna (Monteggia fractiuc, see Cliaptei XXIII ) 
> Fracture of the radius 
3 Dislocation at the lower radio ulnar joint 
The symptoms consist of pain and local bruising and swelling, 
deformity due to displacement of the bead of the radius which can 
be felt to rotate in an abnormal position, and loss of mobility In 
the case of anterior dislocations flexion is very limited The loss of 
the supporting action of the radius allows abnormal abduction at 
the elbow 

Treatment Reduction is made by traction on the extended 
and adducted elbow, while local pressure is made over the displaced 
head m the required direction As soon as it is felt to flick back 
in fiont of the cipitellum the elbow is flexed and stipulated If this 
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tic 674 Medial dislocation of tlio 
head of the radius An unusual 
case with damage to both median 
and ulnar ner\es tho radial 
nervo escaping damage Opera 
ti\ e reduction is nocesaarj m 
such a ca>*o 
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througn tho radius and ulna below the fracture to hold it in the 
correct position and incorporated in tho plaster 

(c) The fracture may be fixed by open operation, and screwing 
or plating (Fig 313) « 

After reduction careful control X-rays are necessary at short 
intervals to check recurrence of the deformity, and the arm must be 
replastered as swelling subsides If mal-umon occurs the condition 
can be very crippling Operative fixation will be found to give the 
most satisfactory results 

Subluxation and dislocation of the joint should be watched foi 
particularly in comminuted fractures of tho Colies’s type Accurate 
lateral X rajs aie important in this connection as small degrees of 
displacement can bo obscured bj an oblique film The reduction 
of the fractuie reduces the dislocation as a rule, but there is likely 
to be excessive mobility of the lower end of the ulna as a sequel 
This produces little disability 

Dislocations of the wrist This, together with fracture disloca- 
tions, has been discussed in Chapter XXIV 

Carpo-Metacarpal 

Metacarpo-phalangeal and Inter-phalangeal Dislocations 
Dislocations at the metacarpo phalangeal and inter-phalangeal 
joints are readily reduced by traction Those affecting the thumb 
are the most interesting The fracture dislocation of the metacarpo- 
carpal joint of the thumb has already been discussed (Chapter 
XXV) In dislocation without fracture the symptoms, diagnosis 
and treatment are similar, and the condition can only be detected 
with certainty by an X ray Once reduced the condition is much 
more stable than a Bennett’s stave fracture, and the strappuig 
method of fixation suffices to retain it 

Of the metacarpo phalangeal dislocations only that of posterior 
dislocation of the thumb is of particular interest, as m these cases 
one may meet with unexpected resistance to reduction The 
condition arises from excessive strain on the abducted thumb and 
the base of the phalanx becomes pulled dorsally over the head so 
that the two bones are almost at right angles Traction accom- 
panied bj flexion reduces the lesion in many cases, but in a certain 
number the anterior aspect of the joint is buttonholed around the 
head of the metacarpal, ind attempts to reduce the dislocation only 
increase the tightness of the grip of the tissues .Such cases should 
be submitted to open operation through an antero lateral incision 
After partial division of the tense bands and judicious levering tho 
dislocation m i-y be reduced It is then put up on a padded finger 
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splint, Hexed At the end ol «i fortnight Mr ipping h substituted 
for the* u lie -phut in four uteha’ time the joint 18 st ibjc and 
Hinder itch freely movable* if iiianipiilitivc reduction has been 
suetc-ful it h sulhuent to strap the thumb n itii several turns of 
frgurc eight -tripping 

)Iitaatrj>o phdawjcal dulocat ions of the /infers ire u-udh 
dorsil and are re tddy ruituid h\ trictum end pressure* Hit u>e 
of a Hexed pidded uire* huger splint i* inueli more - tti-lactory than 
tie \ioit of the huger* over a b indigo, as the movement of only one 
huger is dice ted by it (see frig II) 

V compound di-lot ition at nil four met u irjx> phalingeal joints 
is shown in frigs <*M>, l»al 'ihe* occur* 
ote esioimJlj. from forced by jh. re \ ten-ion 
of all four lingers Reduction after 
adequate wound toilet u ei^j and st ihle 
I inger movements are commenced at the 
end of the first week 

Inter philan'juil dislocations /hc*e 
may bo associated with the fracture* 
which have* been dc-tnbcd in Chapter 
\\V In all c i-es \ ny is ad visible 
to exclude them 'Ihe’ tbspJ icuuent m ly 
lx. either doxs.il or v o/ ir or / itcral 'lilt 
dngno-is u obvious ami reduction i- 
str uglit forward 'I ho linger is rtated on 
i pidded huger wire splint for a week, 
uid then strippmgis substituted 

( ari>o mclitcarixtl dislocations ihe-o 
are -eldom complete, either the fourth 
md fifth metieirpd being separated 
from the lnm itc or tliL first ind 
second from the t lpjtate tripezium 
andtripczoid *lhev reduce c isil> byprtosuie Sublux vtionsvvith 
pun and swelling over the bise of the second meticarpd are 
common, hut cle »r up with light u-e Occasionally chip fracture* 
of the styloid plot cm* of the second metacirpii acconipanv 
suhluvation 



cut tiT'l I'tuMtsl w uu (ut^ec 
c]>lmt applied on tho 13< xur 
Ui-jx-ct of tJio thumb for an 
inter phalanx, tal ill location 
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li an kabT A S U Dislocations of tlio Sliouldi r Joint Itolji rt tone* 
Birthduj Volume Oxford XIolicnl Public ttions 1928 p 307 
BoswoitTit, P XI Shoulder Lesions J Bone atui Joint Surf/ 19X0 32, 
3CU 
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asic * Ihu ‘Jtiitus of Kocher’s Method of Itiiincing Recent Antcnor 
Dislocation of tlio bhouldcr,” J Hone und Joint Surg 1931, 16, 335 
{An article criticising ju»tl> Kucher s im thud on uuutotnical ground'! 
W ith full biblio M taph> ) 

>acoLv * Recui rent Dislocation of the shoulder,” Ini J Snr/,1929 6,813 
( \dvocuting the Uso of tlio long head of the biceps in lixing the head of 
the burnt run m position 1 or n full bibhugruphj of the other methods 
see Kellogg Spc*sl * 1 inclines ”) 

Reich R * lruumutic Dislocation of the Should* r " J Hone mid Joint burg , 
11132 14.73 

VaiUoUs Authors * Recurrent Dislocation of the shoulder,” J Hone und 
Joint S urtj 1948, 306 'J - 18 

Elbow 

Cons 1 oruurd Dislocation of Roth Rom s of the toreirin at the blbou," 
burg Ggnir und Obstct * 11122, 35, 77b 

Or. 1 st and HlnR\ Dislocations ami Simplo l rncturc'S of the Llbavv, 
„U«muM<ofa Jf«d 1928 11,500 

Wilson ‘ 1 ructures and Dislocations in the R« n ion of the Hbou,” ‘>i <r 0 
Gyme und Obitits , 1033, 56, 333 (l ong und complete urt cle ) 

Acromio-clavicular and Stcrno-dawcular Joints 

Henry M O ** Acronno Clue iculur Dislocations,” Mimirjofa Med , 1030, 
12, 431 

RiciiAun ' /ur Rchundlting der I uxutio btcrnocluviculuris ” Zcntralb / 
O/ur 1*130 57 IbOO (Recommending the use of the meniscus for plastic 
procedure ) 

Nifsslv H / ur R« hamllimg dt r Retrosterualeu Luxation der Clue iculn,” 

Deutsche Zlschr f Clnr 11)30, 231, 40"> 

fuwis A II 1 re iitmi ut of 1 ractures of the Outer 1 nd of the Clavicle " 

burg 6'i/mr utul Obstct i 1033 57 118 (Recommends the iw> of the 
Holder cluviclo splint ) 

Trvnin A H Dislocation of the \cromio clavicular Joint J Hone and 
Joint Surg , 1932 14 421 



CHAPTER XXXIV 

DISLOCATIONS OF THE LOWER EXTREMITY 
Dislocations of the Sacro-ihac Joint and Pubic Symphysis 

Vf «\ rarely there may be a sepan turn of both joints together 
ith a complete dislocation of one half of the pelvis More 
ommonly either the sacro line joint or the pubic symphysis is 
njured in association w ith a fr icture of some other part of the pelvic 
ing (page 42')) This produces the same displacement, is treated 
a the same nnnnci ami liable to the same complications as double 
racturcs of the pelvis, which aio described m Chapter XXVI 

Dislocations of the coccyx This lesion is icadily reduced by a 
inger in the rectum Early abdominal breathing exercises and 
adiant heat are advisable to avoid persistent pain Novocaine 
njection may be of value 

Dislocations of the Hip 

Compared with dislocations of the humerus, dislocations of the 
up are only one-tenth as common 

The posterior type of dislocation is not infrequently associated 
with fractures of the acetabular inn, particularly when the femur is 
driven backwards against the deepest part of the socket The most 
serious type of fracture accompanies central dislocation of the hip, 
when the head of the femur is driven through the floor of the 
acetabulum, a condition described in Chapter XXVI 

Types of dislocation of the hip 

1 Posterior (a) Iliac J Associated with fracture of the 

(6) Sciatic j acetabular rim (Fig G81a) 

2 Anterior (a) Pubic 

(6) Obturatoi 

3 Central (see page 439) Associated with fiactures of the 
icetabular floor 

Posterior dislocations Violence applied to the leg in the position 
of flexion, adduction and mtimal rotation forces the head of the 
femur agnnst the lower posterior portion of the capsule This is 
the weakest irea, and if the force is sulhcimt it tears the capsule and 
i rives the ft moral held on to the surfue of the iliac bone (iliac 

idocatwn) In cases in winch the body is more flexed on the thighs 
at t ie moment of impact, the head passes downward towards the 
grt it sci me notch, the so called sciatic dislocation Here the sciatic 
ntrvt is, ia Ic to injury Such viohnec typically occuis when a 
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passenger fitting m t or with his legs crossed is thrown forward 
against the dashboard and strikes it with his knee, when the car is 
brought to a sudden st liulstill 

Whether the dislot it ion is smtic or line, the clinical signs are 
much the s ime There is loss of hip movement, and the leg is held 
Hexed, adducted ind internal!} rotated This position is main 
tuned owing to the pull of the unruptured Y slutjicd ligament 
The giLat trochanter is more prommuit, and the whole buttock 

appe irs larger Com 
parativo measure 
ment of the limb is 
j]»l)0»sjb!o owing to its 
Hexed po&dion On 
attempted movement 
of the hip “elastic 
rigidity “ is encount 
red and unless there 
is an associated 
fracture there is no 
crepitus In thin sub 
jeets the heid may he 
palpated in an *»h 
normal position 

TntVTMLXT Tins 
consists of immediate 
reduction The 
simplest method is that 
of btimson, in winch 
the pitient is placed 
fice dounu ird on an 
updating couch, so that 
1 10 bsld Posterior Uis|o< utiun of tlw lup together the legs hang over the 
"Oil undiKpiucect fnuUire of tlio posterior n .i -.ffimontlv to 
nwr^in of tlw aretolNilum end suuicicntiy 

allow the injured hip 
to flex to a right angle The uninjured leg is steadied by an 
assistant The foot of the injured leg is grasped between the 
surgeon's knees, and one hand is used to make downward pressure 
behind the knee, while the other on the buttock follows the course 
of the reduction B} this method gravity is used to aid m the 
reduction 

Tho more commonly used modification of tins method is that 
with the patient lying on lus back on tho floor and the pelvis steadied'' 
by an assistant The surgeon then attempts to lift the head of the 
femur forward with the leg m i neutral position 




DISLOCATIONS 01-’ THE LOWER EXTREMITY <>25 

Bigelow s method of circumduction is the lust icsort The 
latieut is placed on the Hour, and tlio pelvis steadied in a similar 



hlo 6S.I fho reduction of a posterior dislocation of tho hip bj Stnnson s 
method 


tiS 1 Tho reduction of a posterior dislocation of tlio hip bj 
traction and lifting the head forward 
s 

manner With the knee flexed the surgeon flexes the hip on tho 
abdomen to a small degree and places traction on the femur by 
pulling on the bent hnei \fter x feu minute*, tnction to relax 
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11ls ,c„g.r sitting m a car will. Ins kgs crossed is thrown forward 
against the dashboard anil strikes it with Ins knee, ttl.cn the car is 
brought to *1 budikii stuiulstill 

Whether the dislocation is sciatic or iliac, the clinical signs arc 
much the same Thee is loss of hip .noccincnt, and the leg is held 
Led, adducted .nil intcrnallj rotated Tins po-ltion is man. 
tamed on mg to the pull of the unrnptnred \~h iped ligament 
The great trocli inter is more prominent, and tile whole u o 
b apiiears larger Com 

paratixo measure 
incut of the hinb i» 
impossible owing to its 
Hexed position On 
attempted movement 
of the hip “elastic 

rigidity ” is cncount 
red and unless there 

is an associated 

fracture there is no 
crepitus In thin sub 
jeets the head maj be 
pdpited in m ab 
normal position 

Tm vtmfnt Thu 
consists of immediate 
reduction Th« 
simplest method is tha' 
of Stimson, in whicl 
the patient is placei 
fico dow nw aid on ai 
optr xting couch, so tha 
the legs hang oxer tin 
end sufficient!} t> 
allow the injured hi] 

to flea to a right angle The uninjured leg is steadied by a 
assistant The foot of tho injured leg is grasped beta een tn 
raeoli’s knees, and one hand is used to make downward pressm 
bclund the knee, while the other on the buttock follows the corns 
of the reduction Bj this method gruity is used to aid 

red Tto°more commonly used modification of tins method is the 
,? the oatient lying on Ins back on the floor and the pelvis steadie 
until 1 surgeon then attempts to lift the head of tl 

fenmr forw ard^w ith the leg in a neutral position 



l it, GSla Posterior dislocation of tin lm» together 
with undisplaced fracture «>f tho posterior 
margin of tho acctalmlum 
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4 Myositis ossificans This may occur around the lup, especially 
if the dislocation is Accompanied by a fracture The usual 
precautions to prevent tins occurrence must bo taken (Sec 
Chapter VI ) 

5 Fracture of the femur Associated injuries to the femur are 
rare, but the head, neck or shaft may be fractured Occasionally 
the neck of the femur is fractured during manipulations to reduce 
a dislocation In these cases the head is so giossly displaced that 
its blood supply is almost invariably damaged, and this is still 
further damaged by operative reduction, so that we ire left almost 
only one alternative, excision of the head of the bone and insertion 
of the neck of the femur into the acetabulum (Whitman’s operation) 
Dislocations associated \\ ltli fracture of the shaft can best be reduced 
by Stunson’s method 

^ 6 Failure to reduce the dislocation may not be shown on the 

antcro posterior film if the position of the head coincides with the 
acetabular shadow For this reason a lateral X-ray is advisable 
If left unreduced for some time a false acetabulum may form and 
reduction become impossible The new acetabulum may bo decep- 
tively like the real one and be overlooked in the antero-postenor 
film (Fig 683a) 

Anterior dislocations These are produced by violence applied 
to the limb in abduction, the neck of the femur levering on the rim 
of the acetabulum and forcing the head of the femur out anteriorly 
Such injuries are less frequent than those producing posterior 
dislocations The Y-shaped ligament remains intact and holds the 
leg in the characteristic position of abduction, slight flexion and 
) external rotation The adductors and obturator interims are usually 
k tom, and the head comes to rest on the obturator externus or the 
pubic bone The head of the femur is easily palpated in this position 
The limb appears to be lengthened more than it actually is, the true 
lengthening being about 1 inch 

Thiatmext Reduction is carried out by one of the following 
methods 


1 Traction The patient is placed on a table and the hip flexed 
to 45° and abducted Traction is applied m this position, and the 
return of the head to the acetabulum is assisted by downward and 
outward pressure over the adductors Internal lotation and adduc 
tmn then slips the head into the socket 


2 Bigelow's manoeuvre This is a similar method ot circum- 
uction to that used in posterior dislocations The leg m this case 
is flexed, externally rotated, and then circumducted inward, being 
finally extended 


I/ter treatment This is as for posterior dislocations 
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the muscles t!ic limb w then abducted, external!} rotated, and 
bn ill} circumducted outwards, to be brought down beside the other 
limb with v sweeping nun uncut 

\ftcr treatment ’Hus i>* divided into two schools of thought, 
thoMJ who on uecount of the comparative st.ihilit} of the reduced 
joint commence e irl} extrude •», ind those who, taking into account 
the •'OVcrit} of the injur} necessity to produce such a lesion and 
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1>1< 0s3a formation of n fill*? U tct« 
hulum after an unncliKcU po-tonor 
dislocation of flu hip Tho onur 
rtneo of a dislocation \\ us mit* <1 ow in^ 
to shortening of the. lunli on tho 
opposite side from n fracture 


the possible complications, 
prefer immobilisation in 
plaster Taking all points into 
consideration it would appear 
that a fortnight’s rest in bed, 
followed b} a short w liking hip 
npic i of the t} pe applied for 
abduction fractures of the head 
of tho femur worn for a further 
three to five weeks, provides 
s itisfnctory care with the 
maximum freedom 

Cowi Lie vtioss 1 fracture 
of the acetabular run If a large 
portion is sc pirated this nnv 
make the dislocation unstihle, 
md nfter reduction n period 
of triction is neccss iry, or open 
opcntion and the l>egging of 
a large fragment {See Chapter 
XXVI ) More commonl} onl} ^ 
a small chip is displaced and 
can be neglected (Fig 081a) 

2 Aiascular necrosis of the 
head of the femur This is of 
rare occurrence Str ingel} 


enough, it is of more common 
occurrence in dislocations m the voting and adolescent, who should 
be carefully watched for its occurrence and immediately relieved 
of weight bearing .Slow absorption of the head and replacement 
will occur but degenerative arthritis follows after some }ears In 
children Perthe’s disease has sometimes followed dislocation and 


has been ascribed to vascular interference, but the ev dence is not 
yet completely convincing I 

3 Sciatic nerve -pressure This only occurs in posterior disloca-^ 
tions It is usually bruising producing an incomplete lesion, and 


recovers rapidly 
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Dislocations of the Knee 

( Tlio Knee relies for its strength on the hg unuitous m<l nnisciiJ n 
Utuhmuits surrounding il It is \try lardy completely tlislmati d, 
owing to tlic large art a of its 
almost tilt articular Mirficts 
winch ciciii mils great dis 
placement More frequently 
a suUluxition occurs, with 
tearing of one or other of 
the ligament*, md l!ie»e ton 
chtion* arc un)K>rtint is they 
may pass unrecognised at 
fin>t » 



Dislocation may Iw 
^ Anterior Due to forcesl 
hyper-extenMon, or blows on 
the uglier end of the tilm 
behind the Ilo\ed knee 
Postuuoit Duo to direct 
violence applied m ,i hath, 
"aid direction to the lit id of 
the tibia, usually with the 
hnee flexed 

Literal Due to a torn* 
hmation of abduction and 

a T dl °n strain with direct 
'lolence 


1 Tbe dla gnosii m all casc-i 

co “I’lete dislocation ,s 
The lesion nmy ]*, 
compound I„ poster, ordis 

there „ Uy ,, 0 ^ 

n_,, "I" 1,10 1)0 P llt<;a l artery ,ls,i lm.iwr.ii la. n, 

witiuction Lb CaisV Dll / 4 1 

Muscle spasm has , tf ‘ 0 ^mjileto liganu ntotis tc m 
mduchon the lane I8 a • i “ oll '’ hu > >‘J general mi esthe-a i 
the leg rested on d 'hmatcd in'l a pu^,,,,,, bandage app 
da >s At the end of ti,, 1 splint loi tm to 

from the gron, to tin. t*'*™ 11 “ ,0 «8 "alhiiig ph.-tei 

Dieted T™? 18 Pv'mttw 1 , “l 1 '"" 1 ' »“> >'»“> m l« ' • 
- J iivution ttlt t a !' C<:k " U ' c C‘ a,;“ “',‘ CU fum w< ‘ 1 
l'hn. plaster w “ *** for fraci,! '? to *«»“«> <*«■ 
tube four to TO “Mil 4 t “ ,W 't 1>,ltull “ U,u " 

, roQ nths At. *i., . AbI « Kneo ic.miIi-, uln. 


J 
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«»i»4 \nhnor dislocation of tho hip 
Obturator tjjx. 



tir hfej Tho nductiun of an anterior ili-docution of the hip bj 
ti action and pre-^uie oxer the upper end of tho ftmoial shaft m a 
downward and outward direction 


Complications art similar except that the femoral aiteij is 
liable to damage m place of the sciatic ner\e, and there is no 
tendency to fracture the acetabular rim 
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mo allowed 'l he disability w often not os gross .is might bo 
expected, but a permanently unstable knee nuj demand tlio support 
of v knee cage 

Injuries to the individual ligaments Unices one is on the look-out 
for these they mnj pas? unobserved, t-pc'cmlly if no X raj is liken 
with tho ligament on the stretch 

It is therefore prudent to aspirate any knee m winch there is an} 
gross effusion If it is at nil head} bloodstained and no fracture 
has been found to ucomit for this u ligamentous injur} is certun 
Adequate clinical examination laiuiot lx* carried out on account of 
muscle spasm and pun, and examination under mtri venous ame* 
thcsia. is essential Thu should bo combined with radiological 
examination with tho suspected ligament under strain 

1 The WTbiuoH cittciro iiowii-NT 'lilt's mm from the 


medial surface of the outer condyle' of the femur to the anterior 

tibi il spine, and is tightened 
b} extension ft cm con 
-cquentJy bo ruptured b\ 
h}])cr extension or an} for 
ward displ iccment of the 
tibnl pi iteau Rupture of 



the jig uncut allows extt* 
sive forward molnht} of the 
knee joint (Sec Fig >23) 

2 TilL lOSTUUOB CKO 
ClVTi. LlGVilLXT llllS HIIlS 
Iio GS7 ft stinf, the kfict for rupt in-oof f rom the later d face ind 
tni> crucuto ligamciilt , . , 

interior aspect of the incuiu 
condyle backwards vnd outwards to the posterior tibnl spine It 
is tense m flexion and is injured b} the s.uno direct violence to the 
tibia with tho knee flexed, which produces, posterior dislocation of 
the knee If it i> ruptured excessive backward mobility of the 
tibia on the femur is permitted 

Diagnosis A humarthrosis always follows the injury, which 
may be accompanied by other minor fractures The abnormal 
mobility of the upper end of the tibia is best tested for b} grasping 
the upper end of the tibia with the knee flexed and attempting 
backward and forward movements 

Treatment This consists of complete immobilisation of the 
knee after aspiration of the joint b> a knee fixation plaster running 


from the groin to just above the ankle with the knee slightly flexed 
If the anterior ligament is torn some surgeons increase the flexion,' 
but this produces no better result and is less comfortable for the 
patient Throughout treatment walking and quadriceps drill m< 
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me allowed 11 ic dwibilitj w often not as gro&s as might be 
expected, but a pumanuitlj umdablo knee maj demand the support 
of a knee cage 

Injuries to the individual ligaments. Unless one w on the look-out 
for these they nm> pas? unob-mtd, especially if no X raj is taken 
with the ligament on the Wretch 

It is therefore prudent to uspir ite mj knee m which there is anj 
gross effusion If it is at nil hcav tlj bloodstained and ho fracture 
has been found to account for this, i hgamcntoui injur) is certain 
Adequate ehmeal examination cannot bo carried out on mount of 
Jiiuseio &pasm and pun, and examination under intnv cnous anti 
thesia is essential Hus should bo combined with radiological 
examination with the suspected ligament under strain 

I Tin iNTuuoH cm cuti noiMiNT Tilts runs from the 
me did surf no of the outer condyle of the femur to the anterior 

tibtal spine, and is tightened 
b> extension It cm con 
-equentlj he ruptured b> 
h) per extension or an\ for 
ward displ icement of the 
libial plate vu Rupture of 
the ligament allows execs 
sixe forward mohiht) of the 
knee joint (Sec Fig 123 ) 

2 Tjil 1‘Osti- itiou CHIT 
ctm iigamiat This runs 
tic 0H7 rcbtin^ Ufrknct Torrupturoof f rom t { ie htcr ll flCC Slid 
the cruciate ligaments , _ . , , 

interior aspect of the meui « 
eondjle backw mis and outu irds to the postenor tibia! spme It 
is tense m flexion and is injured by tlio same direct xqolence to the 
tibia with tho knee flexed, which produce" posterior dislocation of 
the knee If it n ruptured excessive batkw ird mobility of the 
tibia on the femur is permitted 

Duoxosis A haem arthrosis aluajs follows the in jury, which 
may be accompanied b> other minor fractures The abnormal 
mobility of the upper end of the tibia is best tested for bj grasping 
the upper end of the tibia with the knee flexed and atteniptuig 
backward and forward movements 

Treatment This consists of complete immobilisation of the 
knee after aspiration of the jomt by a knee fixation plaster running 
from the groin to just above the ankle, with the knee xhghtl) flexed 
If the anterior ligament is tom some surgeons increase the flexion/ 
but this produces no better result and is less comfortable for the 
patient Throughout treatment walking and quadriceps drill and 



DlblOCAIIONh 01 1HL LOWhU K\ I I5hMlT\ 

exercises arc encouraged Ihc pinker mu»t 1* «fin ten * - 
weeks, md after tins a long Unna s piste •docking, extendi », 
the knee, is worn for a further fortnight l he knee joint s 
stable after such treatment, c\cn if there is wmiccxct ^nc v 
mthemtero posterior plane 1 he result s of oj>eriti\crrr«c 
of the ligaments arc no better as the tissue locd #*trrlrh*> ■ 
3 The medial coi lathi u no \m ivt '1 his occur* * 
abduction of the leg such as ma\ occur in licing struck on > 


c 0h8 Rupture of the medial collateral 1 ^ 

X ra> must bo taken with the hneo m forced, o' 11 * of tlio kiu« 

1101,011 to »ho« t , ^ 

j leg by the bumpers of a car, or u ^ 
li on a w orkman’s legs It is distic^^ H 1 * 3 °f a r 4rru * 
ent by the size of the ecehymosis, ^ n | a ^tran, Q ^ t j iU 

mto the knee joint, and charad^ {lc ^ sed ollu- 

ct the tibia on the femur If \ ray \ 1 ^ ahihtj to 

no ligament traction fracture p^ nt> ^ and there 

normal Re X-raj with some attempt t ’ Q ^ Ul « may appear 
knee will show an increased width cf^ JQmt ct the leg at the 
sule of the knee, thus giwng the diagno^^ otv ^ medi \\ 

Kcident, and possibly after repe Uui minor trau 18 After such ui 

r ° a . Ossiheation m w 
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<• ui 

pound, the joints frequently bung exposed Treatment follows the 
hues for sub laloid disloe itions, or those for compound fractures 
Dislocations at the tarso-mctatarsal joints 1 he hrst md the 
jfth metatuviU ure the most cominonlx involved, hut the Icmou 
•* uncommon 'the di'loe ition is usually dors il md the prominence 
d the base of the metatarsal is easily recognised Tnction on the 
U with pressure on the metat irval b w. reduces the displacement, 
r which it is mmiobihsed m pi istcr for two to four weeks 
Dislocation of a metatarsal In conijiound injuries- this mi\ 
** a It is of rare occurrence in the intact foot (tig o*U) Keduc- 
' - la inampul ition should lx attempted, but the proximal end 
bo ik un\ be ditheult to reduce md open reduction required 
k^hilcatiou in plaster is necessary, but should not be perused 
^ -or thm is necessarv for the bone to form a stable bed for itself 
* on weight lx irmg exercises, m issage md f indie foot baths 
dO>j t iv t n till v p unless foot results md then weight bearing 
w need 

^*■<4 Uons of the mctatarso-phalangcal and inter-phalangeal 
tomu, 1 resemble the 'iinilir lesions of the hand The 
' j -t u> U'Uillj. dorsal, md is t isih resluced, showing little 
1 n\ur stripping mmnd the metatarsus with i paif 
' r 1 * s. y^auxl phduvx is usu ilt\ suthuent tixvtiou In the 
' 'escs imolung the* lug tot, ispccnll} if compound, a 

" 1 N *s s v>r hxitum of the ere it tot* mix lx nutwin 
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Conwell anti Vloredol "Complete Dislocation of tho Knot Joint,” Surg 
6 y tut and Obstcts , 1937, 64, 94 (With bibliography ) 
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Jones and Smith ** On Ruptures of tho Cruciate Ligaments of tho Knee, 
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Foot 

Bovmn, J G " Diblocations and Fracture Dislocations of the Talus” 
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,,j(, (OUl’I.LII, OUTU.Vi; 01' Kit ACTUM* 

IKjimil. the joints frequontlj bung exposed Tre itmuit follows tin. . 
|„ M {' ut Mil, t doid dislocations, or tho-c for compound fracture. 
Dislocations at the tarso-mclatarsal joints Iho first and the 
,, 1 , 1 , nutdir-d-. iru tliu most coiiimonli imolied, but the lesion 
i> uncommon 'I be di-Ioc it ion i, usunllj doisul .md tlio prominence 
at llio li l-o of tlio met itar- due wb rccogin-ed Traction on the 
W with i, ix -sure on tlio iiutatan.il bins reduce, tlio di-iilaceineiit, 
liter which it ft inimobili-ed in idu-tcr for two to four ucchs 
Untocation of a metatarsal hi coiii|iouiid injuries- tins nnu 
<w It rt of nre oeeuncllcc in the intact foot (big O'U) Keduc- 
tie„ , , m uuttul ition -lioiild be attempted, but the proximal end 
"f re „,ax be ddlieult to reduce and oi>en reduction required 
I, m.uj„t., xtion m pl ester i, ncci-arj, but should not bo persisted 
1,1 ''m ,„ ucce-s irj for the bone to form n stable bed for itself 

htiH ,„|, t Inuring exercises, massage and fiindio foot bxtlis , 
-huulri I mien till a punless foot results and then weight bearing 

of the mclatarso-plialangcal and inter-phalangeal 

Joints nl blo the simihr Ic-ion- of the hand lbe 

ibrlornt,* 11 ^ 1 dh dor-.il, md is e isily reduced, showing little 
temliiit. , , r strapping around the met itarsus with a pin 
“ ut the ilnreucd phalanx is Usliilb sutlicient fixation In the 
,uott -tnoa,® mi oiling tlio big toe, cpcciiib if compound, x 
" ‘■king plw,® ,,|, fixation of the gie it toe m 1 } bo ncccs-ir} 
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G'iO 


1 Retention Piaster 

Continuous traction 
bpecinl bphnts 

6 Re education Manage 

Actno anil passno inoiunuits 
Llcctncal stimulation of mtisck? 

2-.\crcIscs mid weight beating 

7 I engtli of immobilisation, likely disability , and lati r sequoias 
s Complications In oiitlino only 

2 Discus the diagnosis of, e g fracture of tho neck of tho femur 
This includes 

Tho general signs and sy mptoms of tinctures 
I Tho special signs and symptoms of this particular frncturo 
A brief outlmo of tho differential diagnosis 

3 Discuss tho compile it ions of fracture of tho shaft of tho hum? 1 "* 0 
„ This includes 

The immediate complications 
Tho intermediate complications 
Tho lato complications and sequels 
And a brief outlmo of their treatment 



APPENDIX I 

tRACTURE QUESTIONS AND PAPERS 

1 ill urt of fintiu ring an ex uniuution |>aptr law been brought up to a high 
pitch, anil to <Io justice to oneself uml tho paper ono must iwlopt ft settled 
approach to it Ihu approach is based on tho facta tliat in tho first few 
tumuli"* after pern mg tho questions matter comes to inmd uhich maj bo 
fouml ehthcull to renumber later, that ulnlo answering ono question, tho 
* miIkoiimtioim " is bu v iUvse mbliiio facta for tho ik xt, and tliat equal answers 
to all qutMioiH obtain tho highest marks, and m> equal distribution of timo 
ove r the ansvuw is important Most examinees adopt tho following scheme, 
or M)ino dight moihheation of it 

In a three. hour exam tho first fifteen mmuti-s is dev otesl to tho considtri 
tiuii of tho paper, im>tlj, tho questions selected for answering, secondly their . 
n-litno difficult} to oneself, and thirdly , to schcmo out an answer to tho ' 
, 4U K-st and at thoisimo tuno jot down an\ ideas occurring to tho mind about 
the other questions A further quarter hour is deducted from tlio tuno for 
UMJ lit tho end of tho exam to re read questions correct if necessarj , and add 
the finishing touches to ft question which baa taken longer than allowed 
Iho remainder of tho timn (two mid a half hours) is divided equally among 
tin questions Tho eftMest question is answeied first mid this mnj icsult 
in some tuno for a ehlbcult question nt tho end of tho paper Tho 

Ml t ,ut of the question is iin|H>rtftnt, mid it is a good plan to includo tho 
M, «nmuf} on which olio lias built up tho answer at tiio head of tho answer 
Acturuto division into paragraphs corrcqiomfing to the summary is then 
I*“«il,k , , , , 

^ructurn questions aro hunted in form if not m variety and the} will bo 
found t<, f fl i[ among tho following tjpes 

1 D«s tu ^ a fracture, e g , fraetuies of botli hone of tho fore mil 
Tins JSll %cr j long quedron, ami ft complete siuninir} of an answer to such 
11 Question is given, iM moro ficqucntlj some component pait such os tho 
diagnosis or trC utment, is asked for 

It includes 

1 Introduction Brief description of tv pe am | strut tun of the bone 

I numeration of tho fractures affecting , t un ,i out i mc of t j I0 
eoininon iuecluuii s nis and occupational hazards if «n\ rf-pon 
siblo 

2 ^imptoms and signs (u) General (See Chapter III ) 

(b) Special for tho particular fractuie 

3 Dispi„ Conjent Tho exciting causes 

(6) Iho influence of gravitj 

(c) Muscles 

(d) First aid prev ention of further displacement 

, Eccluct.cn {“"* / ^ontmconltraction 

l Operation 

Suitable type of anaesthesia 




APPENDIX II 

FRACTURE INDEX AND DISABILITY TABLES 

Till finInnuK to Its “ 'Lltnitt- ili«tbilitj [icrioil (ur t.icll fracture » fnnt 
, ' i, lUJ |, miiKi^iblf. owuic to imliwiliiiil \nnntion in tlu. Ic-iont It is 

Lm, mini u- I'll to l„. to » roiiiih limilu iikiilll't Hindi ono can 
Imwitir, n^nlii.niul which mii> ‘Irtiw atti ntioii to certain incquali 

c, ml^tt ot, t t(|)m U1 nj^inn ut It Mimliir limic-i More ilil|iortiuit tlimi tlio 
li -* i» «■* on j, |^| terminology of tlio lesion* which enables a 

il -ibdit' Jino* , u „[ winch hhouM he. standardised to facilitate 

(rat tun rru>si»ms IU 
Cl „,vmM,.» of various tluiui 

USE OF TABLES 

. n nro (,i\m tlio periods of umiuI recumbency, following 
In the tu>t c ° j |Jim w i ight bearing and weight bearing fixation In tho 
lint i* the I*”"*. no ,lof i\ltcim ui tho Massage’ ” department mci"«o 
\t column H 1 l * * yj] UMl »tlj for light work In tho fourth column the approx 
to n'ton ItMK’j 10 ** * work necessary before th L patient is lit for hi uv\ work is 
iii^xte pno*lo‘ l1 ^ j Xrl()< l of ' exercises ” can lx? included in this, tluu, 

u>l n h> ,uau ' ° 1 ] t | j w ihilit\ 1,1 1,10 hist column is given tho total period, 
*hefb {lUU ,<,N * XJOUH ih. noth’, before tlio patient is restored to full work 
in, Iwhiu ft ' 1 1 11 '"/racture of tho tibia treatctl by hkeletnl traction os an 
In} on obhq‘W { ull(S mo to fourwe’ck.s in bcxl with skeletal traction, 
* x i ln y\ wt sex tha i j ^ Ur j uP f^ ur to six weeks (extending to tlio ischium) 
"hicl, follow** 1 » rt | neounigtxl to walk On removal of tins on Unnoa 
"* "hicll the necessrtO for tlirco weeks while it takes tho patient 

,>u, '** ir tfinil ir '‘* o \! , (0 g L | used to walking on Ins mjiucd leg duruig which 
ta.h i " l '' v,, n g l J as lit for light work At tho host ho will bo unable? 
to '«* hi. *nii> h. n'g' ,n ^ . joung patient) and at the’ worst his overngo 
,li '/‘{h f.,r MN u ‘ n ' UH . weeks Compaio this with a tmnsverso fracturo 
I ie.no* ^ H * “Limro neated with a binglu screw 


(Arrai, K ,^»<lu t . 

“' r|, "^?n r ? uiU 


, , skull ~ 

r i act u res w«t}, 

"'"“■'““mi&r” 

FACE AND JMv 
'jgoina 
ilaxilla 

iawil bones , 

Mandible Simple 

Compoun.l 


jDepcnou 
on a BS ? 
ciated 


VVcIrtit 
Waring I 


Id in nci ks art appruximitea nil iu-ij 


Ambulant 
I taster 
(Welcl.t 
bearing) 
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l*i unU 

Ijmg it unU. lot lit urn, with nun ami shouldei movement, arm 
being swung over tho side of tho bed 
Trunk lot ut ion with head mid shouldei lifting, tho unn being 
held to tho side 
blioulder lifting 
Back arching 

hitting Reach long bitting, forward bending, touching altormUo 
ankles 

Aim cncle swiugmg with anklo grasp 

Uninjured leg 

Straight leg raising 
Hip flexion 
lvneo flexion 
Qu ulriceps dull 

1 oot Dors* and plantar flexion 
Inversion and eversion 
Circumduction 
Toe flexion and extension 

Injured limb 

As man) of the above oxe rcisca aro carried out as is possible without 
disturbing the retention This is generally limited to anklo and 
too < xercises w ith tho later addition of lnp and kuco mov ements 

Ambulant patients Similar exeicisc m the standing and sitting positions 
.logiven, with considerable enlargement, including tho full rango of mov cment 
•f ever} unfixed joint 

ARM EXERCISES 

Exercise-, are limited by tho extent of tho plaster Shoulder movements 
iro possible with the aim ami foicarm plaster, and in all cases tho full i mgo 
>f finger movements outlined m Chapter XXII should bo carried out With 
he elbow immobilised the following exercises can bo carried out 
Abduction 

Forward swing (Flexion ) 

Backward swing (Extension) 

Arm behind head (External rotation ) 

Ann behind back (Internal lotatiou ) 

When tho movements aio only limited by a foie tun piaster, class oxoiciscs 
:an be earned out on tho usual lines 

Anns forward raise, hands on sliouldeis, hands out 
Arms lateral raise hands on shoulders, hands out 
Anns upward ruse, hands on shoulder hands upward raise 
And to these vt rj man} variations of flee shoulder movements may bo added, 
such as free arm swinging, alternate arm swinging and combinations with 
trunk exercises 

In special cases man} special exeiciscs mfl) bo devised, alwa}s itmetnbet 
mg that encouraging tho patient to u&o lus muscles against tho action of 
gravit}, or tlio pull of adhesions, is as a rule better than pullo} and iod 
exercises m which cxcismvo movement roaj bo foreeil, and so pioduct 
rcictionar} effusion 



APPENDIX III 

EXERCISES IN RELATION TO FRACTURES 


It must l»o constant^ borne m iirnul that tho active movement of tha 
limb b> tho put ant for a few minutes is worth hour* of miusagt Tho 
uues.-a»go department, unli-vj ^hh-hiUj instructed, often lulU the, patient mto 
11 /u 1 m> mils) of s-uintj in which, feeling tlmt something 11 hung dono for 
him, ho wilt not do much for himself I ho mi]>oituncu of this mu.it ho 
t xplnmed to tlio putiuit unit ttio minvui^o staff It is fur b« tter where pewsibtc 
to have a few masseurs dealing hotilj with injuries than spn ulmg *lieir 
attention oMT otlu r coses such us rticuinutic cun s which demand an mtirelj 
drift r< nt ii]i])roudi Massago is Used us little as possible and class exercisers 
u)k ro tho stimulus of com{>ctitioii, tho ino of tho team spirit, nnd tho uiipim 
turn of tlio uctiv itu s of other patients with Mimlar lesions can ho exploited 
to tho full MibstituUsI where po-miblo Mas-sago m m> own clime is limited 
to cixm s m winch thi ro is stdl elfuMon mto the tissues, and movement:, uro 
coiis<)Uilitl> uuul\wil)!«, nnd to tho tre it riant of compile ntions 

IJio exercises following ure hrnf nnd mcomi>Iete unit me mt oiri> as n 
gc m Mil guide , to he modified according to tho igo of tho patient las ph>»icul 
condition and ntw tr> * iuul to ,H ‘ “ddesl to and eiitargest as the t xjicru nee 

of tho umvs ur biiggiaU In t«rg‘ r ‘•times general exercises must ho designed 
for alt tjpes of recumbent patient mat alt tjpes of ambulator^ patient 
working together, mat so tho exercises given aro limited in ecopej mat mav he 
in] irged win ro tho inuaseur can give nttc'iition to tho individual cose Uter 
the cl mi eviruss h]»ocial oxirLises uro given to tlio damigod limb of tho 

individual case 


EXERCISES FOR RECUMBENT CASES 

has* LMTCisei mo goao through twice dailj b\ all cose*, and moio often 
•*y putu uts on lulvancesl exercises 


Jlitlf breathing Deep mspimtion Deep expiration 
JJ/ilf Ming salo bending, to L to It , with bitatlung 
Halt liing, two mm wdo racing with inspiration 
Half i yill g bands on hips, uispnation and expiration 

Neck 


Head 

Head 

To,„. . 


raising 

r ,°hUton 
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1'iunk 

Lmii(, 'iiuiik lotrttioii, with aim ami sIiuuIiIli movement, ann 
being swung oxer tho suit, of tho bed 
1 runic lotntion with haul anil shoutdei lifting, tho nun being 
held to tho sido 
bhoulilcr lifting 
Hack arching 

Sitting Reach long sitting, foru aid hem ling, touching alianuito 
ankles 

Arm cu clo swinging with anklo grasp 

Uninjured leg 

Straight leg r using 
Hip flexion 
- Juice flexion 

Quadriceps drill 

loot Doisi and plantar flexion 
Inversion and eversion 
„ Circumduction 

Too flexion and extension 

Injured limb 

As m inj of the above exercises are carried out as is po&siblo without 
disturbing tho ictention This is generally limited to ankle and 
toe exercises w ith tho later addition of hip and knee mov ements 

Ambulant patients Similar exercise in tho standing and sitting positions 
me given, with considerable enlargement, including tho full rango of movement 
of ever} unfixed joint 

ARM EXERCISES 

Exeiciscs are limited by tho extent of tho planter Shoulder movements 
•no possible with the arm and foiearm plaster, and m all eases tho full rango 
of linger mov ements outlined in Chapter XXII should bo earned out With 
tho elbow immobilised the following exercises c in bo earned out 
j Abduction 

Forward swuig (Flexion ) 

Backward swing (Extension) 

Arm behind lie ad (External rotation ) 

Arm behind bnck (Internal rotation ) 

When tho movements aro only limited b} a foieatm plaster, class exeiciscs 
can be earned out on tho usual lines 

Aims forwaid mise, hands on shoulders, hands out 
Arms lateral raise hands on shoulders, hands out 
Arms upward raise, hands on shoulder, hands upw ml jatse 
And to these v ery many \ armtions of fiee shoulder mov ements may bo added, 
*>ucli as fiee aim swinging altcinvto arm swinging, and combinations with 
tiunk exeiciscs 

\ In special coses man} special exeiciscs maj bo devised, alwo}s it member* 
O^g that encouraging the jraticnt to use his muscles against the action of 
gnivit}, or tho pull of adhesions is jus a rule bcttei than pulley and lod 
‘-Xcrcises in winch excessive movement roa} be fmce-d, and so produc 
ft aet lonni} effusion 
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EXERCISES IN RELATION TO FRACTURES 


It must be constantly homo m mind that tho active movement of the 
limb by tho patient for a few minutes js north hours of massage Iho 
miuwigo department, unices ►jx.'ciully instructed, often lulls tho patient into 
a false sin*o of security , in ninth feeling that some thing is hung done for 
him, ho will not do much for him.-n.lf iho iiujioi lance of this must be 
explained to the patient and the nuiKsago staff It is fur better where possible 
to have n few masseurs dealing Milely with injuries tluui »prc ulmg v heir 
attention over either casts with as rheumatic cins winch demand an entirely 
different approach Muxsago is used ns little ns possible, and class exorcists, 
where the stimulus of com(>etition, tho use of the tiam spirit, and tho m>pira / 
tion of the activities of otln r p Hunts with sinnhr lesions can ho exploited 
to the full substituted where po-c-ublo Micxsago in my own clinic is limited 
to casts m which tluro is Mill effusion into the tissues, and movements are 
ceinst fpK fitly inadvisable, and to the tre itim nt of complications 

iho oxcicises following an, brief anel incomplete and me mt only os a 
general guide to bo modifies! according to tho igo of tho patient Jus phvoical 
couelition and Item try rate anil to In milled to and enlarges! ns thuexpenciico 
of tho masseur suggests In large r climes genual exercises must ho designed 
for nil tyjies of lecumlient patient, and all types of ambulatory patient 
working together, and mi the exercises given are lumtesl in scope and mnv be 
enlarged whei o tho masseur eon give attention to tho individual cast Vfter 
the class exerei-ts special excicises are given to the dam noil limb of the 
individual case 


EXERCISES FOR RECUMBENT CASES \ 

Tin si exercises are gone through twice daily In all cists, and more often 
bv patients on advanced exercises 

Bi tathing 

Half lying breathing Deep ampliation Deep expiration 
Half lying sido bending, to L to It , with bieathmg 
Half Jung two arm side raising, with ampliation 
Half lying hands on hips, inspnation and expiration 

Neck 

Head raising 

Head rotation 

Latetal flexion of tho neck 

\rm% 

Lvmg Straight arm raising (Abduction ) 

Stiaight arm vertical raising 
Elbow flexion Abducted arm 
\ « itically held arm 


U’PKNJHX HI 


liutU' 


J \ mg liituk lotution, with mm und shoiihh t movitnent, nnft 
being •swung over tho ‘tide, of the bed 
Iriink lotation with head ami shmildct lifting, tho min bomg 
held to tho side 
bf milkier lift mg 
Hack arching 

bitting Hiach long bitting, forward bending, touching altcnuito 


Vlllhh » 

Aim ciiclo swinging with ankle grasp 


Uninjured leg 

Straight leg riming 
Hip flewon 
Km o flexion 
Quadriceps drill 

1 oot Dot si and plantar flewon 
Inversion and incision 
Cnciimduction 
Too flexion nnd extension 


Injured limb 

As man} of the above exercises two earned out as is possible without 
disturbing tho retention Tins is generally limited to onklo and 
too exercises, with tho latei addition of hip and knee movements 
Ambulant patients Similar exercise in tho standing and sitting positions 
aie given, with considerable enlargement including tho full range of movement 
of ever} unfixed joint 

ARM EXERCISES 

Exercises mo limited by tho extent of tho plaster Shoulder movements 
ate possible with the arm and fotcarm plaster, and in all cases the full tango 
of finger moi ements outlined in Chapter XXII should bo earned out With 
, tho elbow immobilised the following exercises can be earned out 

. Abduction 

Forward swing (Flexion ) 

Backward suing (Extension ) 

Arm behind head (External rotation ) 

Arm behind back (Internal lot ition ) 

When tho movements aio only limited by a foie um plaster, class exciciscs 
can be carried out on the usual ImoJ 

Arms forward iais< h mds on shouldeis hands out 
Arms lateral iaisc hands on shoulders, hands out 
Arms upward raise, hands on sliouldci, hands upward iwse 
And to tlicso very many v anations of fieo shoulder mov ements may bo added, 
suth as free arm swinging alternate arm swinging, and combinations with 
trunk exeicisis 

\ In special cases many special ext icises maj bo dev ised, alw aj s itmembei 
Otig that encouiagmg tho patient to uso his muscles against tho action of 
grout}, or tho pull of adhesions is us a rule better than pulley and jod 
exercises in which exci ssiie movement may bo foiced, anti so pjo‘ ,, ' fl( > 
r « actionary effusion 



APPENDIX III 

EXERCISES IN RELATION TO FRACTURES 

It mu it ho constant I> horna m imml that the nctno movement of tho 
Imih hi tho patient for a feu minute* i* worth hour* of rmwsage Tho 
uuuv-sigc department, unit** »jiuially instructed, often lull-, the patient into 
a ful m> N.IIKJ of bccunti, m winch, fee lint, that something is being ilono for 
him, ho will not do much for himself IIio iinjiortnnto of this must bo 
explained to tho patient and thomussiigo staff It is far bi tter w hero possible 
to havo a few nuiisuini doling soldi with injuries than sp, ■culmg ‘heir 
attention mer other com* Mich as rheumatic case * which demand an cntircli 
(Iitfen lit approach Mu-ssago is used ils little ns jio-vsibU and clnvs exercesos, 
whero tho stimulus of coin]>ctition, tho uso of tho team spirit, and tho mspim 
ttou of tho activities of other pitienta with similar lesions can bo exploited 
to tlie full Mibstitutcei where) povublo Micssago m mi own clinic is limited 
to cases in which them is still effusion into the tivsin.*, and movements aro 
consequent]} mudvisabh ami to tho tiutimnt of toinphe itions 

Tho exercises following are brief and incomplete and me mt onli as a 
gi neral gimle, to ho modified necorelnig to tho t^o of tho patient his phvsicol 
condition ami iccov tri rate mid to bo added to and eiilaigcel ns tho experience 
of tho imis-se tir btiggcsts In larger clinics general exticnns must bo deigned 
for all tipes of lecmnbont patient and all tvpes of ambulatori patient, 
working together, and so tho exercises given aio limited in scojio and mn\ be 
enlarged where the masseur can give attention to tho individual com? After 
tho class exercises sjiccial oxeicises nro given to tho dnnngod hmb of tho 
individual case 


EXERCISES FOR RECUMBENT CASES 

These exercises are gone through tw ico duli bv all cases, und nion often 
bv patients on advanced exercises 

Bic ithujg 

Half 1} mg breathing Deep mspu it IOn Deep expiration 
Half ij mg sido bending to L to It with bu ithing 
Half lung, two arm side rusmg with inspiration 
Half Ijmg hands on hips inspiration and expiration 

Neck 

Head raisui B 

Head rotation 

Lateial flexion of the neck 


Arms 

Liing Straight arm raising (Abduction ) 
Straight arm vertical raising 
Elbow flexion Abducted arm 
Vertical^ held arm 


on 



APPENDIX IV 

SURGICAL EXPOSURE OK THE LONG BONES 


1 Humihim vnd Shoe i in u Joint IIu* humeius i* menu ddhcult to 
ippnnch tli m tlm ft miir, though not Miiiound<-d h> micIi u diptli of miibclr 
Tins is duo t<» tlw tloublo lours of imistlo ou i lapping tlm upper and loner 
ends of tho Ixmi , and the close relationship of tlm muio vascular bundle 
medial lj , tlio irtdml ntrvo dorsallj, and tho musculo cut anions none 
nntonorh 

1 A //cjin/’t Ip pro i eh 1 Jus ma\ bo iim d to appioncli tlm whole length 

of tlio bone 1 lie mewon (I ig fl'JJ) follows tho course of tlm cephalic um 



*ct Ween tho contiguous bonk is of tho deltoid and pectoialis major, and then 
passes down tlm lateial salo of the biceps Tlio incision is dexpmed tluough 
tho fascia, an«| tlio humerus o\po>><d at tho loner border of tlio deltoid Tho 
nathiahs anticas, miming down fiom tins m then ehvided so that a quaiter 
°f tho musclo is left to tlm outer sielo piotectmg tlio ruled nerve If further 
'xyxsvno i>> desired tho radial nervo is identified at tlm upper poMe io lateial 
ango of tho biaclualiH and ntneted while tho humerus is cleared with a 
J'Ugmc Tlio bono can bo cxjiobiel below to two fingcis’ breadths above tho 
Jttiral cpicondjlo without entering tlit elbow joint but in Older to allow 
utisfactois leti k t ion of the muscles the elbow must bo fl«.\eel Tn tho upper 
01" 
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SPECIMEN SCHEME FOR CASES IN PLASTER JACKETS 
Hind 

I’rono hind luising (1 illusion ) 
bupmo hind raising (i lexion } 

Rotation 
Lateral i!i xiuii 

A Jin 

J Xi.rciM.1 above possible, worked in with a Codes' s fracture cliw 

Life 

Supine Straight life raising 
\ltcmntu liy raising 
Kuw lit xion 
Shadow (\rlnife 
Slam ling Knoo ilexioii 
Lig font an I raise 
Kniti font uni raise. Leg extend 
Marching (.oososkp 
i'ontanl bending 
LaUiuI bendtn„ 

Spine 

L> mg Mipino on table 1 if,t w v lianilu grasp tublo Body mine 
lag* held ttilli nrnw to sales ttjtli arm* extended 
1 \mg supine Hack o\er edge of tlio table Life* held Hyper 
extension of the spine body raising 
Marching trith a booh or u eight on tho head 
Ralance tt a Iking 

REHABILITATION CENTRES 

III deeding ttilh man\ patients of tho working class an awkttnnl inter 
medniry jKrioel is encuunterexl in which tlio patient though fit for light work 
is not fit for his original employment and us tho employ er wants tho patient 
back fully fit or not back at all it has been neces>ar\ to organi&o further 
asdistanco m tho form of rehabilitation clinics Tlio only way a man can 
re adapt lmnself to his old job is to try himself out at it and keep trying at it 
till ho can carry it out as before In such a centre apart from the ability to 
caro for tho patient’s fecneiul fitness it is possible to let him carry hods of 
bncks or wheel lo uied barrows, or climb ladders or dig or otherwise employ 
himself at tho job ho used to htnc Under suitablo leadership these centres 
nro not only places wheio sound social woik can bo done but send many a 
man back to work in o far shorter time than would otheiuiso bo tho cu.se, 
and sa\o mam another from being olo&std a* uinmploxnblc ’ I or details 
xoo page 35, Chapter IV 
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tie 60s txposuri* of the olftou joint (\uthora method) Refraction 
of tho tricep* show* the olecranon fossa Upward retraction of tho 
radial extensor >.roui» and division of tho supinator exposes tho head 
of tin, radius l urtner di\ ision of the flexor group ( \) exposes moie 
of tho anterior comp lrtiucnt of the joint o-s doired 


quarters of an inch Ik low tho head to avoid uxh of damage to tho deep branch 
of tho rtdml nerve m tho supinator iniisch Tho lower half of this incision 


'*> that employed for oxixwuo of tho head of the radius 
By extending tho elbow mid stpiriting tin tnceps from 
tho bach of tho humerus n traction enables the olecranon 
fossa to be vitwrd obhrpielv Division of tho common 
extensor origin to t)io cpicondvle enables tho 'Uitotim 
aspect of tho joint to bo approached If t!u» head of the 
radius lias to bo r< moved its remov il givos sufficient 
txposuu. without tins pioceduie 

Posterior Ipproack Latu/enlxcf's Method V vertical 
incision is placed m tho mid lino over tho posterior aspect 
of tho joint ecutied on tho olecranon tip Tho triceps is 
divided m tho hive of tho incision above and tho ancon pus 
below The joint is exposed by separating the muscles 
hom tho bone 

RAurtP? Head (see above) Tho whole ot tho shaft 
inav bo exposed In an incision along tho anti rior bolder 
of tho bracluo radiahs which maiks tho lmo of division of 
tho m rvo supply bctw« i n the raihal nerve to tho outer side 
and the median nerve to tho linn r side Tlip i ulial arferj 
and the superficial division of the i idul tu rvu he m tho 
hnt rf tho incision b i low Thoarterv is retracted medially 
and tho nerve laUrallv The supinator maj bo cleatcd 
^rom tho bono above bj finding tho edge of its Utachnw nt 
This js l*rst done bv follow uig down tin insertion nf tin 



Fio 6t>0 Langen 
lictk s incision 
for expo-une of 
tlio elbow ten 
trod p o f. 
tenor ly on tho' 
olec ration 
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thud n trutimi uf tlw diltoid h unsatisfactory , and i{ tlu shoulder luw to bo ^ 
approaches 1 n slip of tho uttachm* nt of the »b ltoiil to tho cl iviclo w diwdud 



j*j« (»>"» V \po-mt of \\m Vt« t>yv» t oinplito ixpo 

Mipt ritual inuMtin h\ ..tire of the htmicrut b\ 

]1, nr> * inciMOil V The floury * approach It is 

<-ej)hali< \u» anil ni» iwns^n to Ilex (hi 

< dot utnnrous turn iUmjm tu \i-uuliso tlu 

lower (hint A Radial 
nor\< It Small ftahe of 
iloMrle reflected with 
oriun of tlu deltoid \ 


wtbJi rliw 1 and tho deltoid turned back I he* of coots, need* tu r vtcitMO i 
of the primary mcisiou toward* tho acromion (Ftp 693 A-B) If « iwrtml 
exjx»->uro of tin botto is needed u long 



hujxificm) mciMoii is nccc^art to allow 
tuli (junto rctr iction 

2 The Eluow Joixt If odified Lateral 
Approach An incision commi ticirvc 2 inches 
nboMi the lateral ipieondylo is continued 
along tho aut« uor bor.U r of tlu bricluo 
radmhs t e a cur\ed incision centred on 
tho cpicondyle with the elbow flexed to 
a tight nngle Tho lateral intermuscular 
&tptut» >s txposed nbo\e with tho triceps 
behind it Arising from its lateral edge 
and coat mums, down to tho epicondjlo 
ate thebraihio radialis the extensor carpi 


1 longns and bre\ is Cellini these o\cr the head of tho radius 
ra4il . w fibres of supinator And the otbicnlar hganv nt A firm incision is 
ftf0 (com the rpiconihle doten to the neck of the radius stonnuiff three 


] 
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>io 008 Exposure of the elbow joint (Authors method} Retraction 
of the triceps shows the olecranon fossa Upward retraction of the 
radial extensor croup and dixiuon of tho supinator exposes tho head 
of tho radius hurther division of tho flexor gioup (A) exposes moio 
of the anterior compartment of the joint, as desired 


quarters of an inch below tho head to axoul >isk of dimago to tho deep branch 
of tho radial nerxo in tho supinator muscle Tho lower half of this incision 


is that employed for oxposiuc of tho head of the radius 
Bv extending tho elbow and *>ep \ntmg the triceps from 
the back of tho humerus letiaction enables tho olecranon 
fossa to be xiewed obliquely Dixision of tho common 
extensor origin to tho opicondv le enables tho antcrioi 
aspect of the joint to be approached If the lieui of tho 
radius has to bo icmoved its remox il givo s sutlicient 
* xposuit without this procedure 

Posterior ipproaefi 1 nnycnbecl'a Method \ xertical 
incision is placed m tho mid lmo oxer the posterior aspect 
of tho joint cuiticd on tho olecranon tip Tho tncep> is 
divided in tho line of the incision aboxo and tho ancomeus 
below Tlie joint is expos* tl b^ separating the muscles 
from tho bone 

Rxwus Head (sre nboxo) Tho whole of tho shaft 
max bo exposed hv an incision dong tho interior boidei 
of the brachio radiuhs which marks tho lmo of division of 
the nmo supplj between the ladtal nerxo to tho outer side 
and the nudum nerxo to tho inner side The i idial nrteij 
and the aupuftml division of the rxdixl mrxc in m tho 
^ htu rf tin. meision iieloxv The arferj « icti acted rnodinllv 
and tlio nerve latemlh Tlio supinator maj ho cJeattd 
f rom tho bone aboxo b> finding tho edge of its ittaelmu nt 
Tins is beat *lono hv following down tin murtion of the 



Fig 099 Laogeu 
beck s incision 
for cxposuio of 
tlie elbow cen 
trod p o « 
tenoil> on the' 
olecranon 
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l huil K I nut mu of tlm ilc Itoul H uii-uilisfuctor) , mul if tlu shoulder lutt to bo 
up pi one I iim l ii blip of tho utUichini lit of tho deltoid to (ho divide w divided 




Hi nr) a approach It H 
iu iismtrv to Ilex t!u 
illiou to 1 1 sun Jim.' the 
lower third A Hiuliul 
nirso U Small flake of 
uliuulo n (looted with 
origin of tho deltoid 


| 1M | ,, 1„1 tl»o ilt Itui'l nm.p.1 ImeU 1 In* Ilf count n.ccls m, i.vtunion 

r iho liumarj incision to»«nl« H>o <Ot. 093, A-H) Ifnrartml 

of tl o 1 ‘j exposure of th< bomi is needed ft loft? 

hupcihcuil incision js nicessni) to allow 
tuUipnite retraction 

2 Tut Llbow Joist Modified Lateral 
Approach An incision comirn ncing Z inches 
abovo tho lateral npiromlvlo it. continued 
along tho nnteiioi bonk i of tho bnchio 
ladialis, t e a curvcil incision centred on 
tho cpicondjlo with tho elbow flexed to 
n right angle Tho lateral intermuscular 
septum i» exposed above with tho triceps 
behind it Arising from its lateral edge 
Via 697 Incision for o^posuro of and continuing down to tho cpicondjlo 
tho elbon joint (Aut ior a me 1 aio tho bracluo radial is tho cxteusoi carpi 
. g an ,i brovis Behind these om r the held of tho radius 
radial is s of S upmatoi and the orbicular ligament A firm incision is 

are a > cV? _ ^rncondvle down to the neck of the radius stopping three 
loado !«*" t,l ° q 



GSl 


\iu*i:n nix n 



ll Lateral approach 



JjUt 704 Thciaitm 
mttnncdiui ex 
posed after dis 
faction of the gup 
between the ret t us 
feroons and the 
\ostus lateralis — 
)me of inoxiori m 
(heated Note ttu. 
cioosing of the 
\a%tua mtemwdius 
b> tlie lateral 
circum(li*\ \e»sls 
awl tin nmc to 
til' mls t us lat« rnlxs 



*io 70J The 
imiselt s of the 
thif.li s|iotvin 0 ro 
Jation to Henrjs 
incision 



hie 703 The shaft 
of the femur ex 
posed ■» ith the 
lateral circumflex 
x condo and the 
riert o to the \ astus 
lateralis rctraeted 
upwards 



050 
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Inti |H| tho Mipimitor tdgu I\mg jm>t beside lhn Tho pronator qirulritua 
i* dctiuhcd Ihdow uml retracted in 

Ulva 'Huh w exposed along tho dorm I subcutaneous border 
Wrist Dorsal ippronih ’ilio incision runs along tho dorsal «ms of tho 
limb jiwt nuiml to tho t xteiisor mdicus proprms 'ihn dorml carpal ligament 
irt divided, aiul thu i\U n-or ixdhtus lmigm ictr ictexl Intuulli , and tho r ah d 
ixtuisors with it the joint is then ojnurd 

Interior Approach ’this is undt -arable owing to tho risk of tendon 
dm nngo and dauuuo to in I Vis 1 ho inciMou runs along tho bordt rof palm iris 
longus tuid is di ojh nisi, exposing the methim ner\ i Hetnction of the tendons 



bin "00 1’ostt nor 
approach to tho wrist 
joint 



blG 701 Luteral 
(ulna) approach 
to tho \rtbt 
joint 


then allows inspection of tho carpal tumid and tho icinowl of tho \olar 
dislocated Innate 

V«f*af Approach V \eitical incision is nutdo on tho ulnar bonier of tlio 
hand cr titled on the ulna stvloid pioccss*, and i x tend mg from tho middlo of 
tht fifth mrtaearp il to 2 inches above tho lower end of tho ulna Thodorwd 
br uu h ( .f tlio ulnui ntivo is met with at tho proxunnl piul of the incision 
r-vtnihor cirpi ulnans is then divided at its insertion into tho boso of tho 
fifth mttneaipal and tho dorsal nsjiect of tho carpus cleaied bv r using tho 
extensor tom Ions If an anteuor approach is dosiml tho pisiform and tho 
hook of tho liamat" must bo divides! fioin tho cirpnl bones 

Itvtun Henry Approach Tho incision runs from tlio anterior superior 
iliac spuio to tho lateral sal© of tl o patella The spaco between tho rectus 
f« mons and tlio vastua lateralis is di fined anil the tw o mu&cles sep irated Tho 
conjoined tendon belt w is divided b> the knife Tho vastus uitermedius is 
thus exposed being crossed above the neuro vascular bundle to tho vastus 



umm:xi)!\ i\ 


G >1 



H I j«t« nil approach 



bio 704 Tho vastus 
intermedins ox 
posed after dis 
section of tho gap 
between tho rectus 
femoris and the 
vastus lateralis — 
line of incision m 
dicated NotO the 
crossing of tho 
v astus intermedius 
by the lateral 
ciicumflex \ es.se Is 
and the nei\e to 
the \ astus lateralis 



imwln of tho 
thigh *hovvm„ ro 
lotion to Hcnrjs’ 
incision 



lio 705 Hie shaft 
of tho femur ex 
posed w ith the 
lateral ciicumflex 
\ cssels and tho 
nerv e to tho v astus 
latoiahs retracted 
upwards 
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l>ic< |w, lira »iltwui(nr uii,u Is mg jui>t bcaido tin-* ibe pronator rpiadratus 
m detac Iiih 1 Ik. loss ami retracted m 

Uln v 11m is exposed along tho dorsal •aihcutaiioou* bonier 
\\ nisT Dorsal 1 pproitch llio mciMim runs alone, tbo dorsal axis of the 
litnl) jm,t radial to tlm txli tiM»r indicm propnm lhu dots.il carpal ligament 
ti divided, and th» extensor poltiius h.ngm it tracts I Inteialh, and tho rwlul 
exlinsora ssitli it iln joint it tlnn ui>cu<d 

Interior 1 ppr<*ie/i llm it undi ■arable owing to tin* nth of tuidon 
damage and diiinn„i» to in rves I bo iucimou rtuw alone thy bonhrof judnwws 
lunjnii and h deciHwnd, i X|«osing tin Iiudiaii tiers e Ketr iction of tby temlom 



these allows mhpettlon of tlio carpal tunnel ami tbo remos si of tbo solai 

<h ^SmVdppmoc/i V vertical incunou »a mado on tlie ulnar border of the 
hand centred o» th« ulna stsloid proces, and « xlondmg from the middle ol 
f he fifth metacarp d to ^ inches nbov o tho low cr end of tin. ulna 11 m dorsal 
branch of the uhm nemo is mot with at tho proxunal end of the incision 
Vvttiihor cirpi ulumis is then divided at its insertion into tlio ba o of the 
fft U metoO^J ami tho .Ion, .1 aspect of the carpm. clca.c.1 bv , ...me t hr 
tendons If on anterior approach is desired tho pisifonn and the 
hool oi tho hamate must bo bom tho c.rpol bom 

V-pmxJR Henry Approach Tlie incision run* fiom tho antenor superior 
«s to tho lateral side of tl o patella The space between tho rectus 
iliac Bpu ..Jtjjo-vastusluternhsisdefinod ami tho two muscles sepuated The 
femorssa lon b e ] ow 1S divided by tbo hmle The vastus mtermedius is 
conjoined x crossed nlxwe the neuro snsrulnr bundle to the vastus 

thus c\po&ea 
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j f to lif t«< i >1 flic glut i H* iiiimiiius and (tin pmfoimis 1>« low is sought I ho 
:l u tu »i(. hi painted fiom the tiochimter or tho tun hauler with thur attach 
Hints it chiselled off Hi Itaction of the nhlniatoi and tin piriformis c xpo-n 
ho jxislcrmr aspect of tin joint 

Ivnu. 1 In iv ait) it vntietj of i»|»|Moatln h ill |h licit ill on the piocidmo to 
w earned ui t Hum. am too numerous to lie di tailed In ri The ohhquo 
m mod for tho iniioial of it in« mscun is n curium mini ami this mm l»o 



<• i 

“« i i 
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tie 70S Vpprt-nch 
to tin hues. I ho 
inciMon for medial 
menisci toui) h in 
ilicatnl by tin 
black line Dutti d 
lines indicate hint 
ablo extensions for 
more c la borate pro 
ceduria — tho m 

tision for lateral 
meniM-ctomy ma> 
be Kimilarlj 
treated 



around tlio neck of tin* 
bono to disappear into 
peroni us longus 


extended into tho quadriceps expansion for furthei oxposuic, producing in 
elTict the patella ilisplicmg incision of Timbrell Fisher 

Popliteal hunrACE rins may bo exposed from tho medial side bj on 
incision ui lino with the tendon of the adductor magnus and fico dissection 
belimd that muscle or on tho outer sido, by an incision along tho posterior 
holder of tho ilio tibiul band Tho lateial mtennuscular septum runs in fiom 
hue and dissection along its jiosteiior face exposes tho popliteal space 

Tibia This u subcutaneous and can bo exposed tlnoughout its whole 
|i* c ngth bj an anterior or anti io medial incision 

Fibula Rarely exposed It is onl> necessary to icmcmbcr that tho 
peroneal nerve winds around the n< ek of tho bone Uio bono is exposed by 
an incision along its wlioli hngth anil sepaiation of tho soleus fiom tho 
peroncu 



UTi:.\'D( \ n 


mi limits Jhisbundh is n mill} iiiuhihtd and ti tun ted piuximullj Hid 
M ist its nit* iinetfitm is tin n <ini(I*<I ijimit to the bout, m tlio Imo of ite fibre- 
uml tin* muscle strt|»|«tsl front tint Amur fit onl* r not to expos*.* the supri 
patellar jmurli which * xt« nils 3 inch* s abu it* tfio patella, the incision through 
tho emu us must not g*» 1 m bn» tins lei* I Iho pouch can ho M.j>amtt<I from 
tho hunt) In a riigino if *ltsir* it, and a uah r t xjtosuro obtauicsl 

Lateral \pproach Tho incision runs from tho pnat*r trochanter fo tho 
lateral comic lo of tho femur Tho tho tibia! bum! is split throughout its 
length ami tho mlsJu-s cxtemin divided down to tho hone N nine i ou.s vessels 
uro incount* red in this Mep, tho perforating branches ami tho iaf* ml cucum 
Ilex arten Mu. clo duiuago ami hxmorihnpu make it an unpleasant approach 
to employ , ami vision is i^lfictesl n»I» vs tho jvitieiit is lung on theoppo&ito 
sale 

flu Smith P*tcra*m or f^iUral I pproaeh The incision runs iloun from 


\ 



Fjo 700 Smith Peter 
soil approach to tho hip 
8km incision 


I .. J 



1*10 707 Tlie incision 

for tho posterior «p 
preach to tlio hip 


tho niiteuoi Mipcnor iliac fcpme ami backwards along tin ciest of tiie ilium 
for 1 inches Uio sartonoua ami rectus feinotis aio s* painted togotfiei on tlio 
me*hal bide, ami the tensor fascia? fimons and glut eils minimus on the outer 


fiio tensor fasci o lata and anterior parts of tho glutei me then stripped 
f oin the outer aspects of the ilium Tho superior surface of tho joint and tho 
/ moial nock nro thus exposed 

,e p (crjoP Approach (Kochcr) Incision angled postcriorh over tho great 
t r The upper limb extends in tho line of the gluteal fibies tow aids 
tiochane ^ aU j Xri0 , ilmo sjiine, while the lower luns down tho axis of the 
the pos ® r jnC j lcS Tlio tendinous msci tion of the glut-eus maximus is div ide*I 
hmb for yj i0 gjutacu^ medius is then divided m the lino of the opposite 
m this j me a j jtlier luemoi rliagie procedure duo to numeious blood 
Juab, tins The fat below tho glut*eus median is separated and (lie 

vessels being 1 



APPENDIX V 

THE ORGANISATION OF A FRACTURE CLINIC 


Tiil devilnpux at of finctun* clinics m lino with re*c« at ideas in treatment 
hus re Milted in a uniform win an bung adopted which is m force with minor 
variations in thi hospitals wh<rc* sjxt mliscd units have been established 
Thu sclniao is set out in tin n |x>rt of the H M \ (omauttco on 1 racturos 
under the Ik ul “ V Modi! 1 ractutt l mt " 1 ho ■ vnuiiuN of such a unit are 
-t out ui id i r four heads 

1 (.legation The handling of cases h> one specialised department is 
the pnmo esMiitml m getting uniform results, ami making tho full uso of 
•xpemnee One single* unit is capable of dealing with all fracturo eases in 
an> hospital of present da} dim< usious and can luuidlo 2,000-3 000 cases u 
}car with e vm. lho improvement m teaching which results from segregation 
under an mttre steel MufT scared} needs amplification 

- Contumit} of treatmuit l his essential important in evory cose, 13 
doubl} so ui fractures and is set aside in tho usual uriniigeinent of out patient 
and m pitient surge r> l he fmctuic unit should have full chargo of m patient 
bods and transfer out puticntM to its own clinic 

3 After cnic Hus emphasises tho points discussed m Appendix III 
Emphasis must ho hud on tho keeping of records, which nro of importance in 
keeping the unit up to standard, and for accurate follow up of tho results 
achieved 

•* Unit} of control Segie gallon implies this to somo extent, what is 
really meant is cxpei t individual Hiipci vision of all cases Tho concentration 
of experience m olio surgeon is nut a short sighted polic} Apart from tho 
improved lCsults achieved ho is able to unpatt his richer oxpcricuco to a wider 
cuclo of men, illustrated with a vunct} of teaching material not otherwise at 
las disposal lho stuff of a ‘ Piuctuio Unit ” is built up as outhnod bolow, 
a nd follows close]} that of “ professorial units " on tho Continent 

A chief surgeon, honoiary, oi professor Ho pa}s a weekly visit to tho 
^ P clinic, and reviews all cases of tlio previous week, and docs a completo 

round of tho IP beds 

A Registrar or Tirst Assistant who is readily uvailablo for all serious 
o^-ses and caines on a daily fractuio clime, in which all tho cases of tho 
Pro .nous day, and all tho cases attending on that day, aro seen Ho does a 
ady waid round with tho junior staff, anil is lesponsiblo for most of tho 
t< aching 

Residents In a laige clinic bemor ami Junior, their appointments being 
arranged that tho junior takes over tho senior position on lug departure 
rcquently the resident’s r6lo lias to bo plu}cd by tho Casualty Officer who 
• Se ? a case first This is not desirable as tho resident carr} mg out a casualty 
Jo cannot bccomo sufficiently specialised ” to give the efficient pielimmor} 
tcatment demanded The irnmi dnto handing over of all fracture cases to 
me fracture clinic is tlx ideal 



AL’L’KXMX IV 


(HI 


\%KI1 \ dlllot U|>|»IOjl<.ll Ij> II Limed JIIlIMOlt »U I C 1 1 III I IllililcoIlLS w 

tmphond in ihuhii,; \utli fiuttim-4 of tho malleoli 'IJio mu-no i w curled 
mill riorlj or po-tiriorij Approach to tho ixislcnor a-*|»« ct of thu jouit maj 
ho mntln on tho inti nil 01 fiudinl nidi Iho I it< ra) hide h free of it ***!•» and 



t in 710 Cnr\ id incision to t \po <• tlio medial or lateral mallt-olut 

nt nii hut o\\ hi/, to tho i elation-hip of tho hi malleolar a\i-» to tho antiro 
IKistuioi u\i» of tin aidvlo (,iii'> a mow limited i xjjosiiro than tlio moilml 
nppioach 1 or fmetuio* of tho jnMenur tobirclo the 1 ltd d njjjiro ich w moil 
lor j)o>ti nor marginal fractiiwi tho nu dial or lateral approach In flu medial 
nj)|ii ouch t ho Jiosttnortlbiaj in no ami mtei 3 and tho tendon of fh»\or halloas 
Ioii^ih has to bo molded (tig 028 ), ami tho duxcfc vitvr !•» obscured bj tho 
timlo Achilles Complete cxjiosuro of tho posterior aspect of the joint con 
011I3 ho nrhiiinl hi diiiMon of tlio tomlon 



AIMMADIX \ 


C>~>7 

1 \ platter lotiiu mi'f<iilr> for tin irmo\nl of plash r-<, application of 
l nna s pi>t< and tin hk< 

4 \n <>]•• in t mis tin »ln, winch ran hn kept sf< nh him I from which thy 
p it n nt mu 1m iindilv ulnihil into tin; \ ia\ or planter room or w hirli can 





be used m conjunction with tho \ raj loom for operations under tho screen 
It should alto bo m comimmicatiou with ncarhj fracturo wards 

Tho ancillarj unitn, Record Almonu Stcnoguiphci’s Office, Missago and 
Gjinnismin, should bo ui as clo-n, association with tho clime as possible to 
faciht Uo direct supervision 
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MANAGEMENT 

Kcipuit, thu iv<ortU utul luiimnj, such a chine demands tho following 
Mat lottery 

I A casualty record Jim «w*J only ba « shp containing tho pa tiuit'u 
name mu I mlda^, mid thu diagnosis mid triutnn n t u~c tj tn referring theca so 
t«> tho fmctuto umt To avoid unm-ct -»-»iry writing it can bo adapted to 
Klim on to the fracture u ton! card 

J V fmctuio record curd On this tho full information about tbo enso 
including in patient and out pul ant notes H kept In addition to tho muid 
information on such a card, space * nrn Kit for tbo follow m), information 

(a) ly po of acciili nt finiiistrinl, domestic, road 

(I*| -Tnno tlmt-itig bituc* n tbo accident and hist visit to tbo unit 

(c) l lino as an in jmtunt 

(d) Date of r< turn to full work (or |>criod of treatment till return, but nolo 

that a patient m.iv still bo iit(uuimf; tin) chine while working, sr 

this does not com 'j»onil to tho total disability f»tnod) 

(<) f otal tuno of uttendnucu at tho clinic ( l’ofaj disability nod ) 

(j ) Mato on dischar^o 

1 Xo disability 

2 Pt liniment partial disability 

3 Permanent total disability 

J I’/vbifiiiinty instruction Card This w given to all jntienta on firsl 
Attendance, and contains details of tho clinic, emphasises tho need for tlx 
patient a co operation, especially with regard to tho follow up < luucs It« 
principal use, however, is that it contains information of tho signs and symp 
tones which demand immediate return to tJio clmjc, and detail* of handling 
and enro oi plaster casts 

4 Identification caul Dus mav In# tombmcil with the instruction, card 
mentioned above, and is numbered m parallel with tho fracturo iccord card 

5 Follow up cards w Inch aro sent to thopaticntiuv months twe/vo months, 
or as is necessary, after tho accident If tbo patiuit doe.* not attend a 
epic stionniuro may bo sent 

Letters to doctors sending patients to tbo clinic are best typed out mdiu 
dmlly, and not sent on a steicotyped sheet \ inuno indtv and a fracture 
index, mcludmg complications, aro essential 


DESIGN OF THE UNIT 

lbcioaio muny vaiiations possible to adopt it to the size cif tho hospital 
and tho space available Whero possible it should bo completely independent 
of tho rest of tin# hospital, but this is frequently impossible on account of 
expense and tho general X ray department Ins to bo shared, or tbo out 
patient ball 

Tho most miportant featuio of its construction is tho doso arrangement 
and easy accessibility one to the other of 

1 An examination room, containing cubicles for patients who must 
undress and a suitable small room for those who icquiro interrogation and 
Inspection without undressing 

•» An X ray room, complete in itself with its own dark room nml fitted 
for screening 
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\^|»rAtl()1 Ilf kiln 4*» » b(»2, l*J'l j 

Wrngnlu* “xf lain* 1 

Idas vi rt< brri fnutim ««f 2V* ( 

ill 1(K 111 I'UI -id 
In p-*r i mic <)• < nl< ih< a! ion 2 is 
\trephv mull l*>n\ ill I 

\\a»<ulnr mi w ix of l*.m, 17 
arthritis nlti r Is 
toinnion m|ih of Jil 
f* mural Ik ml 407 l»2fl 
mmiwd din it \ in Is 
mu iculnr, 1 j i, 400 
tutu um»u »il t< r lilt 
Mipii lir nft« r, 2d 
of talus >77 

Uillurj arl« r\ injury 00 s 
item injury ’ll) | oils 
\xi« free tun nf 24*1 


’ Back fixe ” Injurlc*, v»Ti*t, 1»l l»l 
Bacti nology, «fl« r in tin dim, 7*1 
or gungn ii< |oi 
of wound* 'll 
Badey guidt 4412 
Balkan frami U<» 

Bamboo fructuri 7 372 
Buildups plant* r making It* • 
bundling loti 
Beaded wins u-sj of 121 
Beak fracture uth aliens us2 
Bteks hollo drilling HI 
Bedsore* in paraph uni 274 
Bed blocks 149 
fracture 14*1 
pJadtr 1*7 
Bell Cliark« *4 
Bennett « hUi\ 0 fracture, 414 
Bigelow s, method dislocated hip 027 
C2h 

Bismuth lodiilo paste 08 87 
madder injur j in fructuio of pelvis 44b 
infection m paraph j , iu 274 
olood collet ntration in hhock 4 1 
pressure in hhock 42 
in cerebral coinpre ssion 21*1 
supply to neck of femur 44S 
of navicular 17 397 
levels injury to, 4S 
plaster pressure on Vi lb'J 
.. 1,1 Volkmann a contiucturc 58 

Holder abduction splint lob 303 
calcaneal clamp 1G1 
clavicle splint 291 
modification of Braun a splint 1 >3 
traction frame 49 132 
Bone atrophy (Switch a acute) Cl 
disuse, 01 
senile 2 

avascular absorption of 11 
disease, a cause of fracture 2 

drilling (Beck a) 111 
factors in formation of 15 
fatigue, 5 144, 514 
tibia 514 

grafting causes of failure 117 


Hunt! graft t hi tion of, 20 

m fan tun of ft moral ru t k 1 >7 I >8 
radiologic a I change s in 20 
vurutit h of 111 
viu* itlnr cluing' * in 2U 
of earptl navicular 100 
moulding in n ]>iir 14 
luero is ava-culur 17 

organisation m n pair 17 
Hoik * m r« -wiry, of foot » 0 'l 
IIM \ n|M>rtonop rativ tnutmintcif 
friii tun* 111 

HracUmL nttt ry iuutu«ieu 'll* 

|di MU mi i the sin Is'/ 
injury 10 

Ilnim mjurv modi m of l'ltl 
ijium s of ih nth ill 221 
ilinual groupings, 220 
ItKiiliKi ig fiat lire* 220 
matt r tseiijic of 204 
llmm ho pm iiinoma after fractures 45 
Uruok s theory (mvositis iihrosii) 58 
ijrj ant s method fructuro femur 48b 
triangle 4**0 

Hullct wounds t-kull I'Ji> 

Ilutii]H.r fracture 30* 

Hun} on istimimrd envelope 9'» 

Burns with fracture 144 


Calcaneal damp, lbl 5sb 
epiphvxis 5bU 

Calcaneus an esthesuv in fracttiics 381 
fructuro of 14b ob'J 
roiliogroph} osb 
Milieu t angle, a')0 

sub tuloid uithntis after fracture 393 
surgical anatom} 7bU 
Calcium in bono formation 15 
Callus excessive 140 
formation 1 1 

nervo pressure fiom 47 2b4 
radiograph} 17 

Capitellum epiphyseal m. paint ion 311 
fiactmcs of 329 
Cardiac contusion 2*4 
Carpal bones iSee Individual bones 
Carpo metacarpal dislocation, 018 
Carpus fractuies 303 
surgical anatomy, 393 
Carrel Dakin method 94 
Cartilage cells m callus, 13 
costal injury to 281 
slipping 282 

radiographic ddhculties 331 
semilunar injury with fractures 509 
Castex 399 

Catgut a\ oidanco in recent wounds 72 
Catheterisation in bladder injuries 446 
Cauda equina injury to in spinal 
fractures 275 
m sacral fractures 444 
Cellulitis in compound fracture 92 
Cephal hy drocelo 23 1 
Cerebral compression 215 
blood pressure in 216 
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Abdominal detention— after fracture of 
Spine, 37 1 

w i in low m phi-dor jocki t ) s*S 
Abduction friu turu of imkh 110 
of liium rni 'i'U 
of iu ( k of f« mur, i >1 
framo for should* r Author * I*i_* 

Jiohli ra, ! »0 

m trcutmi nt of ohouhh r iiijtint «• 301 
osteotomy of funtir 40? 

\hnoniml mobditv of fructun « 21 
Ybrusiou* tixutnu nt noil \nrn tic* 84 j 
Acre li ration « AUMiig brum injury I‘>H , 
V< c< i'on bom « of foot ili'i l 

mu uulur 17 0 
radiograph} 21 

Yecidcntx grouping of 1 43'» 413 l 
Acetabulum fracturo of, 439 43*» l>JG | 
Acromial end of chit ick fructun of 393 | 
Acromio tint iculur joint muitoni} 38 i 
dislocation, 30? ftUl 
hubluxiition JOG 
Ycroinion, fracturo of J'liJ 


Inkle utxluction fructun x 110 
adduction fructun x 
unulomv surgical 710 
ujipromli surgical i>51 
urthrudi mi after fracture o08 
tjbio uih omul Hit 179 
do* ihcation of injuries 130 
i-oinjiri txjon nijuniM 107 
dingno-us of injuries j 17 
liiii'.tUMx of HO 
*li location of 171 i«33 
Dujxi} tn n x fracture 138,140 >01 
i pipb}wii| injuries 117 
i xttrnal rotation fructurex 141) 
fructun s of 13 2 
local nn i xtluxiu for 143 
liguiiii ntu of >31 
mal united fnictun x 107 
marginal mullrolus 7|G 
me-diul malleolus 133 
ojMnitivo approach l>14 
ojh ratno treatment 340 
l’ott x fractun*x >38 


Adduction fracturo of ankle 1»G I 

fracturo of neck of funur 4 >3 
Adenitis after compound fnn tim 94 i 
\c11umoiix i tiolopj t>J 
shoulder b3 31 J 
Ydhc-.it o plaster tarictirx 1 >0 

strapping for fractured ribs 380 | 

\dol< scent coxa \nru 400 
\g0 factor in Colic* tf fracture a 2 I 

factor m fracture of upper end of 
femur 449 

in healing frurturex 10 
susceptibility to fracture I 
Air in fracturo of skull 20* | 

in Moiiuih 103 

Ylt(*oIar margin of jaw fracture 340 
344 

Amputations 83 9 1 140 
closure of 143 
m gas gangrene 103 
Anaerobes in compound fractures 100 
Anesthesia local in ankle fractures 54 2 
for fractures 187 
in Codes s fracture 3 >s 
jn fractures of calcaneus 581 
of ribs 281 

jn sprains of ankle 50 1 
in uses 1S7_ 
in wounds 73 
brachial plexus 1S9 
m fractures of cer\ ical spine 3 >4 
in fractures of nose 230 
general 131 
regional, ISO 
sciatic, 130 

468 

Angulation correction of 3l 
A bj wedging planter, »21 


rudiogrupht of >33 133 
sprain fracture’ 759 
sprains 133 

Mijir imulli olar fracture 53b 
Yntinor fovxa of skull fracturo sign' 
304 

trail position of ulnar mreo 330 34C 
Ynti gas gangrene w rum 103 
Antiseptic treatment 68 
Ynti tetanic serum, 100 
Yutriim fracture mto 337 
Apparatus 148 
Yrm plaster 173 

splints Authors JG3 
lhomus 114 
YrteriogrOjihj 48 
Arter} axillary injur} GO 1 * 
bruising of 48 

obstruction of m nijo-atis fibroma 33 
of in plaster 50 
rupture of 50 
types of injur* 48 
Yrthnti* traumatic general 50 G3 
of elbow 340 
of hip 4G7 
of knee 511 
of wrist 3GG 
sub taloid 593 
Arthrodesis ankle Iflg 
tibio calcaneal 176 579 
wrist 400 
Arthrograph} 38 
Axtbroiomy of an I le G34 
of elbow G48 
of hip G50 
of knee C33 
of shoulder 647 
of wrist 6o0 
Aseptic treatment 07 
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Cribriform plat* in ft*** tun •* <il no 214 i 
l ofxkulj Jilt 

V ( rue mt t ligain* lit « npiir *»f .Hi iiH* 
l rudi Mi lid mm* 144 
Cuhiiu* \aVh iilnnr mr\M imtnh-i' 
140 

4 urnre 1 

( yatio ix nft* r f«it ( mlx>h in 4'» 

traumatic 2 Si 


Dcafnci* after fracture of ikult, 211 
Ik ath alt* r fra* lure of skull «nu-< 214 
Ikhrid* m< ut m romjx'und fr u inns ss 
IX calcification < an m K didm itiou of 
atlas 24S 
of bone gr«fl Jil 
m«li iw n 
uillammutory lb 
sunk 2 44*> 

^ in *)udetk h iitropln <>l 

Dta lit ration mjurui,. limui 10% 

IXccn finite rigidit\ 203 201 
IXfornut'. correction of 21 U 
Deiter s nucleus 2U3 
Delayed union uiiiM-i in. 

trial mi tit KM 
lMinum aft* r truuiuu 21JN 
IX Itoid ligament rupture 14 4 
parahMi HQ bUx 
Depressed fracture skull 222 
Dermatitis plant* r Ob 
De-ault hij 

Diagnosis of froctur* 22 
error* in in 27 
of skull « rrori* 212 
Diastasis 540 7.7 

compute 102 
operutno treat IIU lit 704 

X radLOfcrapli\ 5.i» 

Digits See Xingcrs lu * 

Diplopui m fracture maxilla 2 In 
4>goina 237 

Direct compound fracture 3 
MOknce 1 

Dislocations acroimo clae iculur 604 
anatomy surgical 24G 
ankle 371 bl » 
astragalus 571 031 
atlas 2 j0 

carpometacarpal 40 » bl i 
caqial 40'J 
cemcal sp im 24b 
claucte b(J4 
toccji. 442 623 
definition l *51 
elbow 612 

fibula lower end 540 
upper*, id 634 
.* fingers 618 

J head of radius 345 lh2 015 

hip 023 
knee 0211 

lumbar spine 263 
lunate 4y5 
inandil.lt 603 


I Di Ini at i*< lilt ta< ar|x. plial uig< 111 0 |n 
iih*I tur»a|, 1*15 
M*mt* gum Vn 2 
pit* Ita Ml 
pholaug* s ham I tils 
foot M(. 

pubic *}inph\»n 4 10 021 
iuih» carp il tOf 
tndi«i ulna upper 0(0 
low* r 151 t.ls 
x-u n> ilmt 410 ii23 
x* milunar loJ 
xliouM* r bo . 
xt* rim * lav icular bO 4 
eilHntnUiilu* >71 
lulu* 170 

taixil nnwculiir .>4 037 
tur*n inetat-irsaf 631 
ttfl«t 404 

Derail xpuic fracture 21b 

sternal fracture with 2s2 
Drainage of ttoumL* 73 
of compound fnicturix 02 04 
Drilling bunt 13 1 
Ikcks, 111 

Drop linger i>tt Mallet hug* r 
foot I7U 

DiipuMrtn a fracture 53S 540 obi 
Dura muter rupture in nasal fracture 
234 

in fractured xkull 224 


I Edentulous jaw, in fractured mandible, 
244 

I I U.o\i arthritis 310 34*1 
I artlirotomy b4i» 

dislocation, 337 330, 375 (.12 
elncrgent dislocation bl5 
epiphyseal injuries 325 331 13b 
fracture dislocations 337 
goniometer 160 
myositis Ossificans 31 330 
ner\ e lesions around 339 
splint Robert Jones 307 
traumatic arthritis 340 
£ mbolism fat 43 

tmplijsuna surgical m fractured 
cln\ick 292 
ribs 232 

m gas gangrene 102 
Eng* 1 May guid* 4b2 
Em elope 13uny an Stannard 90 
Epicondj les humerus lateral 32 n 330 
medial 336 

Epiphyseal coxa \ara 470 
Epilepsy traumatic 231 
Epiphysis separation of definition, I 
crepitus in 7 

compression w ith fractures 27 
disturbed growth 337 
elbow 323 33 1 33b 
femur head 448 460 
lower end 439 
humerus head 301, 311 
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Ct rib rul tuinpri s*ion ctnliru spiuuliltiid 
pn*Min ill JIT, 221 
dtioinpri f«r 222 
|t«ji h-mj, sign* 22d 
IIKIIUIKIMimi in 217 
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mil mu *> n> Iroiiu 210 
oiw t stages 2 1 7 
pnthologv, Jt 7 
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M^HHIII 21 » 
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li tmurrhagi , diflu-s , 217 
late J1S 

IuuIkhI 217 22(1 
tm» n bilious 22tl 
217 

wntnoilur 217 
irritation .on 
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lumbar jhiik tun. in 21 ) 
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ruuurj xtn^i 214 
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treatment 212 
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pressure in fractured skull 211 221 
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dislocations 271 
fractures of 247 
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skull traction 1* t* 
spinous process fraiturc of 257 
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Clu inothcrajij in compound fractures 
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dosage N I 

m skull fractuics 224 
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Children epiphjscul mjurj 7 
fracture of clawcle 267 
of femur 464 
grcenstick fracture 0 
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Circulation ul shock 42 

obstruction under plaster 46 04 
Circumflex nerve paraljsis of 703 

60 S , 
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bilateral fracture 28b 
Bolder 8 splint 2‘>0 
dislocations 604 
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Saj « s method -00 

sternal end 292 
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Indiv idual bom s 
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eomphiatioiis of <14 
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jh rNistenco of infection 07 
skin lo s hi 69 O'l 
of skull base 204 
missiles 1«)0 
vault 222 220 22s 
( ompn ssitui ttrtbral 21 
clump for culcanc us loi 7so 
fracturis of aiiklt oGi 
spine 2ol) 2)0 2ol 
strain alfictmg union o 14 

Concussion 2ll0 
lond} Us ft moral 4'IU 
humeral 329 330 
jaw 241 

Conoid ligament anutomv 2s4 
ruptun 003 

Contra coup \ loltnce 1<(0 
(ontracture or l.ngora ,11 nuile bon) 
ntroph} 01 
m iU} out is fibrosa 56 
Coiacoid pioctis fractme 297 
Coronoid of ulna 374 
Costal cartilages injur} 204 
Counter traction principles 31 1 00 
Coxa v ara epiph} seal 470 

in pertrochanteric fracture 467 
Cramer Wire 157 

(ramal nerves examination of 200 
injury in fractured skull 204 
Crepitus m fractures 24 
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